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Abstract 
 
Ethnographic information indicates that, prior to British colonisation in 1788, Aboriginal 
Australians used spears for hunting, fishing, fighting, retribution, punishment, in ceremony and as 
commodities for trade. Aboriginal peoples understood the seasons and the availability of food 
resources within their countries. The British colonists, in rapidly developing much of the continent, 
dispossessed many Indigenous peoples of their land disrupting their way of life, especially access to 
food resources. Spears were an integral component of the toolkit Aboriginal people used to procure 
such resources but by the turn of the twentieth century, they increasingly made spears for trade and 
barter rather than for hunting and fishing. By the mid-twentieth century, spears, often incorporating 
the use of European technology and materials, were being made for sale in a cash economy. 
This study explores whether residue and use-wear analysis can detect traces of spear use as 
recorded in the ethnographic sources and whether detected residues are indicative of post-contact 
economic change. The analysed sample of museum-housed northern Australian artefacts comprised 
ethnographic spears of various morphologies. They are mostly crafted of wood although two have 
stone heads. The sample also includes archaeological wooden spear tips and an experimental 
control implement that was manufactured and used by Cyril Moon, an Aboriginal elder, on 
Mornington Island. Methods of analyses included macroscopic examination of the artefacts and 
microscopy. Long-term experiments designed to assess the reliability of the biochemical test used 
to detect blood and better understand residue preservation on shelved and buried wood were also 
performed.  
No residues were detected on the archaeological wooden spear tips indicating that organic residue 
survival on wood requires anaerobic burial conditions such as extremely desiccated or waterlogged 
terrestrial environments that are rarely found in Australia. The results of a burial experiment support 
this conclusion. Hypothesised indications of use-wear observed on the wooden spearheads did not 
always co-occur with use-related residues. Arguably, wear traces indicative of wooden projectile 
use may be very difficult to ascertain. Apart from fish scales and adipose tissue, however, a 
considerable variety of use-related residues were detected on many spears. Considered to be the key 
indicator of a spear’s past use for hunting, fighting, fishing and in ceremony is the presence of 
blood. The biochemical test to screen for the presence of blood on wood was assessed as reasonably 
reliable but only for approximately two years, therefore explanations for the absence of blood 
residues on this raw material remain problematic. Blood residues, bone, hair and muscle tissue were 
detected on only one stone-headed spear that was collected in the early twentieth century from the 
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southern Gulf of Carpentaria mainland. This result indicates the spear was likely used to hunt small 
game rather than made specifically for trade or barter. The remainder of the sample collected at 
around the turn of the twentieth century displayed many residues, including starch granules, hair, 
feather, and muscle tissue but no blood. These spears were likely manufactured in campsite 
environments, possibly as trade items. Most spears collected in the mid-twentieth century displayed 
few residues, suggesting they were made for sale in workshop environments. Residues indicative of 
specific manufacturing processes were also observed on some spears. In addition, the macroscopic 
examination of spears in tandem with relevant ethnographic information suggests that not all of the 
spears were made at the places recorded as their collection location in museum documentation.  
Although more research involving residue analysis of archaeological wooden material is required, 
especially to initially ascertain the type/s of burial environments in which organic residues are 
likely to survive, the results of this study demonstrate that residue analysis can indicate whether a 
spear was likely to have been used or not. The results also parallel the documentary evidence for 
economic change to Aboriginal people in northern Australia. More importantly, the variety and 
quantity of residues detected indicates the great potential for this form of research to provide 
meaningful additional information about museum collections of Aboriginal wooden artefacts where 
it will be available to researchers, the public as well as present day Aboriginal communities. 
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Chapter 1.  
 
Introduction 
 
“They are seldom without a spear which they use as an offensive weapon” 
(Bradley 1969 [1786-92]:127) 
 
Ethnographic and historical accounts indicate that the economic role of spears in Aboriginal 
societies changed dramatically after British colonisation. My research aim is to determine the past 
use of spears and to investigate whether any evidence of change in post-contact spear use can be 
identified through functional analysis. To achieve this aim, spears from a number of Aboriginal 
countries in northern Australia were subjected to residue and use-wear analysis. The post-contact 
implements were selected from those housed in the Queensland Museum (QM) and the University 
of Queensland Anthropology Museum (UQAM). Archaeological spear points were loaned by the 
Museum and Art Gallery of the Northern Territory. A brief account of the traditional roles of spears 
as documented in the literary sources and the effects of colonisation on Aboriginal economic 
activities is presented before outlining the details of this study.   
Spears at Contact 
The early historic accounts of Australia describe numerous types of spears that were used by 
Aboriginal people in a variety of ways, most commonly for hunting, fishing and as offensive 
weapons. For example, in the early days of the penal settlement of Sydney Cove (now Sydney), 
Bradley, a British naval officer on board the Sirius in the First Fleet in 1788, describes spears used 
as offensive weapons as well as for fishing by Aboriginal men (Bradley 1969 [1786-92]:127). The 
one to four prongs on these implements, crafted from hardwood and approximately 60 to 90cm 
long, were barbed with bone or shell. The barbs were held in place with gum and were hafted with 
“lashing and gum” to shafts made of lightwood (Bradley 1969 [1786-92]:126-7). In other 
documentary sources, however, authors record how men utilised these implements in many more 
ways. For example, Davidson (1934:47) notes spears were used in ceremonies. Thomas (1906:81), 
although not noting where he observed them, describes spears mounted with lobster claws that were 
used to dispatch eels. Arguably, these implements are probably also classifiable as fishing spears. 
Aboriginal peoples in coastal parts of northern Australia used harpoons, which are spears 
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specifically designed to catch large marine vertebrates such as turtles and dugong (Bradley 
1997:305; Tindale 1925:79, 93). Bradley (1969 [1786-92]:110) observed a pronged spear in the 
Sydney Cove area being used to gather fruit by fixing the four prongs over the stalk of the tree and 
twisting it. Howitt (1996 [1904]:185) writes that, in South Australia, diplomacy during marriage 
negotiations between a Dieri man and a woman from a neighbouring group required spears be sent 
as gifts to the woman’s father and important men in her group. As will be described in Chapter 3, 
spears in northern Australia were used for punishment (see for example McConnel 1953:25-26) and 
revenge (see for example Roth 1984 [1897]:139). Along with other material goods and dance 
rituals, spears were also bartered along a route that, according to Bates (1930), “ran round the whole 
continent”. 
At the time of European contact, spears varied morphologically from simple pointed one-piece 
sticks to complex stone-headed weapons and multi-component implements such as the barbed 
fishing spears observed by Bradley (1969 [1786-92]). Some barbs were made of carved wood as 
well as bone, shell and stone. Bates (n.d.:26) describes one “elaborate” spear from Ashburton in 
Jurrurru country (Horton 2000), Western Australia, which was housed in the Museum of Perth (now 
Western Australian Museum). The head of this wooden implement had four rows of barbs, carved 
out of "the wood itself” with seven barbs in each row. The rows extended from the tip 
approximately 60cm along the spearhead (Bates n.d.:26). More information about the great 
diversity in Aboriginal Australian spear morphology, including various other spearhead shapes and 
sizes, shaft components and hafting is provided in Chapter 3.  
Aboriginal people across the Australian continent continue to have a detailed practical knowledge 
of their country’s environments and resources (Blainey 1975:185). They understand seasonal 
change, know the habits and habitats of animals, when plants are ready for harvest, and when fish 
are running, in addition to devising ways to avoid insects and sheltering against winds (Blainey 
1975:158). In pre-contact and historical times, they moved camps according to these seasonal 
changes. 
Hunting spears were among the weapons used by men to dispatch large game (Satterthwait 1990). 
As food gatherers, women provided most of the food for their families (Blainey 1975:162, 168), 
although early observations of Aboriginal women’s role in their economy are scant for several 
possible reasons. Bowdler (1976:253) suggests that Aboriginal women gathered shellfish and plant 
foods away from the Sydney Cove settlers’ view. Blainey (1975:169) reasons that early observers 
were more interested in male hunting implements and activities. He also suggests that rationing of 
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flour and sugar, especially to Aboriginal people in Victoria and Tasmania, probably lessened the 
need to procure plant foods (Blainey 1975:169). Bradley (1969 [1786-92]:133) observed that in the 
Sydney Cove area, men speared fish from the shore or canoes whereas women used hooks and 
lines. Women used digging sticks to catch smaller animals such as burrowing creatures and reptiles, 
and to extract plant foods such as tubers and roots (Satterthwait 1990). In coastal and riverine areas, 
shellfish gathered by women supplemented family diets (Bowdler 1976:252). Bowdler (1976:251) 
points out that vegetables and shellfish (and arguably burrowing animals and reptiles) were reliable 
food resources, whereas meat from animals dispatched by spears during hunting depended on the 
changing fortunes of the pursuit. Spears were thus not the major food-procuring implement used by 
Aboriginal peoples (Blainey 1975:162). Nevertheless, those used for hunting and fishing were 
integral components of the toolkit used in their hunter-gatherer activities (see Satterthwait 1990).   
The Process of British Colonisation 
Within one hundred years of settlement, the British colonists of Australia had expanded across vast 
tracts of land, with devastating consequences for Aboriginal peoples across the continent (Blainey 
1975:254), rupturing their economic and social life and bringing about changes in the manufacture 
and use of many of their tools and implements. The following brief summary of only some 
occurrences during this period provides a glimpse of how and why many Indigenous Australians 
died while many of those who survived lost their lands and hence, their traditional way of life.  
The deadly disease smallpox was introduced to Aboriginal people in the north by visiting southeast 
Asian fishermen in about 1789 and rapidly spread through the centre of the continent causing a 
dramatic population decline, especially of women (Hiscock 2008:13; Kimber 1988:64; Macknight 
1986:72). The colonists also introduced diseases including influenza and tuberculosis to which 
Aboriginal peoples had no immunity, further decimating their populations (Blainey 1975:103-104; 
Hiscock 2008:15). As suggested to have occurred in central Australia following the spread of 
smallpox from the north (Kimber 1988), other Aboriginal peoples are likely to have found ways of 
adapting to the disastrous situations from subsequent smallpox outbreaks and introduced diseases, 
including altering kinship and reciprocal exchange systems to find female partners, and finding 
items of magic to ward off diseases and woo women. With less women gathering food resources, 
toolkits possibly changed and hunting activities probably also increased (Kimber 1988; Kimber 
1990, 1996 cited in Hiscock 2008:16).  
Although the diseases introduced by the British colonists arguably decimated Aboriginal 
populations, the battle to retain their lands appears to have had a far more damaging impact on their 
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numbers and their hunter-gatherer way of life. As settlers spread out from Sydney Cove, initial 
amiable relations quickly soured when Aboriginal people saw their lands stolen. Once Aboriginal 
people began their raids, retaliation by hostile colonists was swift (Cathcart 1995:38) and, armed 
with guns as opposed to spears and clubs, in most cases lethal. This pattern of attack and retaliation 
continued throughout the colonisation of the mainland. Included in the pattern of violence were 
unprovoked atrocities perpetrated by both sides. One such event was the massacre in 1838 of 28 
Aboriginal men, women and children by 11 ex-convicts and the son of a local squatter at Myall 
Creek in northern New South Wales (Cathcart 1995:222). The violence escalated following the 
hanging of seven of the murderers. Towards the middle of the nineteenth century, lease-holding 
squatters farmed large areas while settlers were able to purchase recently deemed Crown land 
(Cathcart 1995:225-226). Understandably, Aboriginal people attacked these settlers relentlessly. 
The colonists added poison to their weaponry and pleaded to the authorities for “men with guns to 
bring the Aborigines into submission” (Cathcart 1995:225). This plea was responded to in 1848 in 
New South Wales with the formation of the Native Police force (Kidd 1997:8; Richards 2008:8-9). 
The Native Police worked as small units, comprising 10 to 12 armed Aboriginal troopers hired for 
their tracking abilities, under the leadership of European officers (Cathcart 1995:347; Kidd 1997:8; 
Richards 2008:11). The sole purpose of the force “was to suppress Indigenous resistance to 
colonisation” (Richards 2008:8).  
The penal settlement of Moreton Bay (now Brisbane) in southeast Queensland was opened to free 
settlers in 1842. Here local Aboriginal peoples also attacked, stealing crops and produce from 
stores, spearing livestock and killing Europeans. Retaliatory massacres were common (Kidd 
1997:5). Queensland, known as the northern sector (Kidd 1997:1), was separated from New South 
Wales in 1858 (Kidd 1997:7). In this “new” colony, the Native Police further developed from brutal 
military-style units into bands of murderers, “dispersing” Aboriginal people at the frontiers of 
expansion as squatters, pastoralists, settlers, miners and loggers moved north and west across the 
state (Richards 2008:10-11). The largely “state sanctioned dispersal” (Richards 2008:13) of older 
Aboriginal people stopped the flow of traditional knowledge while killing the young prevented 
future attacks (Richards 2008:15). According to Richards (2008:74), thousands of Aboriginal 
people in Queensland died at the hands of the Native Police, a force that was never formally 
disbanded. Although reducing in number by the 1880s, Native Police outposts in Cape York 
remained in service until the outbreak of World War One in 1914 (Richards 2008:139).  
Many Aboriginal peoples were dispossessed of their lands during the rapid development of 
Queensland. Those remaining on the outskirts of settlements and towns were forced to steal or beg 
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for food (Kidd 1997:1; Hill 1907 cited in Kidd 1997:24). Some were barely surviving on marginal 
land (Kidd 1997:13). Some small groups remained on pastoral stations, the men performing odd 
jobs in exchange for enough money to purchase tobacco and alcohol while the women scrubbed 
homestead floors (Cathcart 1995:345). Some worked for miners (Kidd 1997:23) and some briefly 
lived on reserves but invariably authorities sold this land to white settlers (Kidd 1997:24-25, 28). 
Other Aboriginal people were moved to missions although those established during the early- to 
mid-nineteenth century in southeast Queensland generally failed. Hungry Aboriginal people would 
only work and send their children to school in exchange for food. Alternatively, they stole produce 
so that early missions, receiving little government support, were unable to become self-sustaining 
(Kidd 1997:4, 14-15). Most mission enterprises established in the north of the state towards the end 
of the nineteenth century were more successful, although they remained under-funded. Aboriginal 
peoples endured ongoing diseases in derelict accommodation with unreliable food supplies (Kidd 
1997:93-94). Kidd (1997:94) writes that Aboriginal families at Aurukun and Weipa in western 
Cape York, were often required to supplement mission supplies with food from the bush. Such food 
probably included meat from speared animals. Many current Aboriginal communities in the remote 
north were originally mission settlements (Kidd 1997:36). 
Dispossessed of their lands, many Aboriginal peoples could no longer hunt and gather their food 
requirements, inevitably becoming reliant on European-introduced flour, sugar and tea. For those 
men who still made and used spears, colonisation brought about changes in technology as well as 
use. The Macassan (Indonesian) trepang fisherman had introduced metal to Aboriginal peoples in 
the north of the continent at least a century earlier (Blainey 1975:247-248; Macknight 1986:69), but 
the use of metal components was increasingly incorporated into spear manufacture following 
British colonisation. Spencer and Gillen (1912:485) note that in the early twentieth century, wooden 
prongs were being replaced with wire and sheet iron was shaped to replace stone spearheads. Few 
stone weapons remained among the Larrakia, Warray and other groups in the Northern Territory 
(Spencer 1914:354). Roth (1984 [1904]:9) similarly describes the use of metal spear components 
and “modern” manufacturing tools by the Pita-Pitta people in north Queensland and also notes very 
few spear uses apart from spearing cattle (Roth 1984 [1904]:147) and for “trade and barter” (Roth 
1984 [1904]:9). Under missionary influence on Mornington Island in the mid-twentieth century 
such changes in manufacturing technology were adopted to produce artefacts expediently, initially 
for trade and later for sale (Memmott 2010:87-88).  
This brief history indicates that in less than two hundred years, many aspects of Aboriginal life had 
altered due to introduced diseases and colonisation, including changes in spear use and 
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manufacture. The dispersal of Aboriginal people and loss of their land meant that spears were less 
commonly used for traditional purposes, increasingly becoming commodities for trade and barter in 
the early twentieth century and finally as items for sale by the mid-twentieth century. Similarly, 
there was increased use of metal spear components and metal manufacturing tools over this time.  
Collectors and Evidence of Bartering and Buying 
Museum documentation often contains information about whether objects were donated to or 
purchased by the museum, as well as collection locations and acquisition dates. The Queensland 
Museum, in general, acquired most of its Aboriginal artefacts from donors and vendors around the 
turn of the twentieth century (Mather 1986:206). These people included Archibald Meston, Stephen 
Buhot, both public servants, J. C. Coghlan, a grazier (Mather 1986:206) and Constable E. P. Smith 
stationed at Turn Off Lagoon (Mather 1986:208) and a member of the Native Police (Richards 
2008:260). The artefacts sent to the Museum by Constable Smith were likely to be confiscated 
items (Satterthwait 2008:45). Correspondence from Stephen Buhot in northwest Queensland, 
offering Aboriginal artefacts to the Museum for £12.10 ($25), indicates that he was one collector 
who was paid (S. Buhot, letter dated October, 1909 to C. J. Wild, Queensland Museum Director; 
see also Mather 1986:208). Whether such payments were to recover the cost of purchasing bartered 
goods from Aboriginal people, or to cover other costs such as travel expenses, is unknown. In other 
correspondence to Hamlyn-Harris who succeeded Wild, G. H. Schwarz, writes from Cape Bedford 
that “genuine articles would have to be manufactured under supervision” and “would cost too 
much” (G. H. Schwarz, letter dated 19-4-15 to Hamlyn-Harris, Queensland Museum Director). This 
correspondence does not mention bartering and suggests payment for only the supervisor/s would 
be required, presumably from the Museum. Dr W. E. Roth, another notable public servant who 
collected ethnographic material for the QM, is known to have bartered with Aboriginal people using 
tobacco (W. E. Roth, 1900 cited in Mather 1986:207) although to what extent is unknown. Apart 
from this record, there is no clear indication in QM records that Indigenous artisans were paid in 
kind with goods or with cash. Bartering is not mentioned in a letter from the Director R. Hamlyn-
Harris that was distributed to various public servants and missionaries in 1911 requesting the 
collection of “symbols of the original Australian inhabitants” (Hamlyn-Harris 1911 cited in Mather 
1986:208-209). However, in the same year, G. C. Gore, a sailing master trading in the far north, 
provides an extensive list of items suitable for barter should the Museum wish that he procure 
artefacts (G. C. Gore, letter dated 12-5-11 to Hamlyn-Harris, Queensland Museum Director). The 
quantities in the list, including 24 tomahawks, 200m of “cheap” fabric, 22kg tobacco and 244 
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wooden pipes, suggest bartering for Indigenous artefacts was common practice, at least in the areas 
he frequented. 
Missions were sometimes used as bases for anthropological research during the early to mid-
twentieth century. From these bases, researchers procured many artefacts, in some cases by 
bartering. Hamby (2008:362) suggests that Lloyd Warner bartered with numerous goods during his 
research on Milingimbi, an island off the coast of Arnhem Land in the Northern Territory, including 
mouth organs, mirrors and hatchets. Staying at missions, Frederick McCarthy also collected 
artefacts in Arnhem Land and Groote Eylandt in the Gulf of Carpentaria during collaborative 
research with the American-Australian Scientific Expedition to Arnhem Land in 1948 (Attenbrow 
2008:474-477). Aboriginal people on Groote Eylandt were paid in kind with cigarettes or tobacco 
(McCarthy, Diary 6 cited in Attenbrow 2008:4485) while on Milingimbi, craftsmen were paid in 
kind with various goods, including tobacco, or were paid with cash by the mission after the artefacts 
had been sold in Darwin (F. D. McCarthy 1949, Arnhem Land Expedition, Report on Scientific 
Work, Australian Museum Archives, Series 10, Item ref. 22/1949 pp. 8, 11 cited in Attenbrow 
2008:485-486). Studying the Wik people while based at Aurukun in Cape York in 1927 and 1928, 
Ursula McConnel collected many artefacts, including 98 adult spears (Perusco 2008:427), most of 
which are housed in the Museum of South Australia (Perusco 2008:440). Records state she 
presented gifts of fishing lines and smoking pipes to Aboriginal people and bartered with tobacco 
(McConnel 1928 cited in Perusco 2008:431). McConnel also paid an Aboriginal family in the 
Aurukun area who made artefacts for her (McConnel 1927 cited in Perusco 2008:431).  
The University of Queensland Anthropology Museum’s holdings began as a personal collection by 
Dr Lindsay Page Winterbotham in 1938. He offered his collection to the University of Queensland 
in 1948 and continued to develop it as Honorary Museum Curator from 1949 to 1960 (Leo 2008). 
Winterbotham amassed most of the collection by creating and maintaining a network of people 
throughout Australia who collected on his behalf (Leo 2008:84). Records pertaining to individual 
spears housed in the UQAM provide no evidence of bartering for Aboriginal spears. However, by 
the 1970s, these records note some Aboriginal peoples were making spears for sale in a cash 
economy. For example, A. Chase, researching at Lockhart River during this period, purchased 
spears that are now in the UQAM collection. “Aboriginal Creations”, a distribution group 
representing Aboriginal artisans, purchased spears from Mornington Island people and five of these 
implements are also in the collection (J. Willcock, Museum Operations Coordinator, UQAM, pers. 
comm., June 2013).  
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Research Questions 
The background presented above illustrates some of the dramatic changes that occurred in 
Aboriginal peoples’ ways of life following the British colonisation of Australia. The historical and 
ethnographic literature provide evidence that Aboriginal men incorporated European technology in 
the spears they manufactured due to their altered economic circumstances. They continued to make 
and use spears for traditional purposes but also used them to barter for European goods and finally 
made them as commodities for sale. Satterthwait (2008:33) mooted the use of residue and use-wear 
methods of analysis to examine manufacturing technology in non-lithic artefacts. Therefore, as well 
as aiming to determine the past use of a sample of museum-housed mostly wooden spears, the 
possibility of ascertaining any evidence for specific manufacturing methods or technological 
innovation that may reflect some of the changes in the role of spears in post-colonial Aboriginal 
peoples’ economies is explored. Additional aims of the research are to address the bias toward stone 
tools in archaeological microscopic residue and use-wear analyses, and to gain a better 
understanding of residue preservation on wood. In this study, spears were examined to answer the 
following questions: 
1. Do wooden spears retain sufficient traces of use to empirically determine whether they 
were used for hunting, fishing, fighting or in ceremony? 
2. Do post-contact implements retain traces of techniques and/or materials that indicate 
changes in manufacturing technology? 
Only four of the numerous spear uses recorded ethnographically are included in Question 1 because 
logically, some social activities, for example gifting of spears during marriage diplomacy, would 
not leave evidence of such use on the artefact, and arguably spears used for punishment and revenge 
would retain traces of use similar to those used for fighting.  
It is pertinent to note here that two probable limiting factors in this research required consideration. 
In a study of Kimberley points from the Northern Territory, Akerman et al. (2002:23) claim that a 
number of materials, including hair, blood and feather can come into contact with hunting and 
fighting implements during manufacture, transport and other daily activities undertaken by 
Aboriginal people. The authors also note that Aboriginal craftsmen rarely washed their hands 
before making spear components or using complete implements, and warn that traces of many 
materials detected on spears could lead to false interpretations (Akerman et al. 2002:24). This 
warning was heeded when interpreting the results that are presented in Chapter 6. The second factor 
requiring consideration is that microscopy cannot be used to identify the species of animal from 
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which any putative blood residue, fragmentary bone or muscle tissue originated. Species 
identification of some animal tissues may be possible using ancient mitochondrial DNA (mtDNA) 
analysis, providing that cells present in the tissue are not too degraded (Chelomina 2006). Although 
mtDNA analysis was beyond the scope of this research, specialist assistance was sought to identify 
some residues, namely detected hair fragments, phytoliths, probable raphides, and a resin-like 
coating observed on one spear. 
Research Sample, Scope and Rationale 
The research sample included 20 post-contact spears, two of which have stone heads, and four 
archaeological wooden spear-tips. The stone-headed implements were included to determine if 
there were any differences in residue preservation on stone as opposed to wood. According to 
Museum records, the post-contact specimens originated from the Gulf of Carpentaria region of 
northern Australia, specifically Mornington Island, Bentinck Island, and areas of the adjacent 
mainland, as well as the Boulia and Archer River areas in Queensland. The archaeological 
specimens are from the Anbangbang I, a western Arnhem Land rockshelter site excavated in the 
1980s (Jones 1985).  
The integrated residue and use-wear analysis utilised in the study, initially developed for the 
analysis of stone tools by Fullagar (1986) similarly involved macroscopic, and low- and high-
magnification microscopic examination of the sample but was adapted to suit the examination of 
large wooden artefacts such as spears. For the archaeological sample, each specimen was examined 
in its entirety. However, for the analysis of the 20 large wooden spears, 12 locations were 
systematically selected for analysis, providing a maximum of 240 locations for microscopic 
examination.  
An experimental control spear, crafted and used by Cyril Moon, an elder on Mornington Island, was 
also examined to compare detected use-related residues, wear and manufacture traces on that item 
with any such traces observed on the archaeological and post-contact spears. Additional 
experiments were also performed: one short- and one long-term experiment to gain a better 
understanding of residue preservation on wood; and a long-term combined 
Hemastix®/spectrophotometry experiment to examine the reliability of the Hemastix® test, the 
biochemical test used to screen for blood residues in this study. As Odell (2001) warns, the efficacy 
of this test appears to be questionable due to inconsistent results obtained by several researchers that 
indicate “differential preservation of blood over time” (Odell 2001:57-58).  
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This study draws on ethnographic documentation and museum records. These sources should be 
used with care even though ethnographic documentation is undoubtedly an insightful resource for 
anthropological research on past technology (Renfrew and Bahn 1996:297). Indeed, in some 
instances, sources are not in agreement regarding the uses of specific spear types. For example, the 
Warnindilyakwa people on Groote Eylandt in the Gulf of Carpentaria used a variety of composite 
wooden spears, including stingray-pronged spears that, according to Tindale (1925:93), were used 
for fishing. Levitt (1981:29), however, claims such spears were specifically used for fighting. The 
usage of these spears during the 50 years separating these authors’ accounts may have altered, 
illustrating the potential problems with using ethnographic analogy alone to infer artefact use, 
especially when information is not contemporaneous with museum collection or acquisition dates, 
or prehistoric dates in the case of archaeological material culture. Chapter 3 explains how 
ethnographic information was used in this study to hypothesise the use/s of each spear and the 
hypotheses were tested using the principles of methodological uniformitarianism (Gould 1965; 
Gould and Watson 1982:359). Ethnographic information about the place of origin of each spear was 
drawn from museum records with some caution as well: inaccuracies or little museum 
documentation is not unique to any museum (Best 2003; Megaw 1993:26; Roth 1984 [1897]). 
During his observations in Boulia in the late nineteenth century, Roth (1984 [1897]:136) observed 
that Europeans were more interested in the places where they collected artefacts and often 
disregarded the real origin of Aboriginal material culture. He relates that, at one camp in Boulia, 
there were numerous artefacts, including shells and spears, originally from the Northern Territory 
(Roth 1984 [1897]:136). Some collectors were therefore likely providing Museums such as the QM 
with inaccurate documentation regarding artefact origin. Recently, Best (2003:62-63) found that 
QM documents for artefacts collected by Maynard, the Mayor of Bundaberg during the late 
nineteenth century, record Bundaberg as the place of origin for material culture he collected from 
Papua New Guinea and throughout Queensland. 
Movius (1950:142) states, wooden tools “may well have played an even more dominant role in the 
daily economy of the hunting peoples of the Old Stone Age than did tools fashioned of stone” (see 
also Coles et al. 1978:1). Organic materials such as wood perish in many environments, but a 
diverse range of archaeological wooden artefacts has been recovered in many parts of the world, 
including several specimens in Australia (refer to Chapter 2), and where wood has survived in an 
identifiable state, a great deal can be learned about subsistence and economic life (Coles et al. 
1978:1; Gott 1989:209). However, stone artefacts dominate the archaeological record as well as 
archaeological research using residue analysis. Haslam (2009:49, 70-78) records 96 residue analysis 
studies between 1976 and 2006. To date, only two researchers have examined archaeological 
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wooden artefacts using residue analysis. Loy (1994) examined the wooden arrow shafts recovered 
with the “Ice Man” (Seidler et al. 1992:456; zur Nedden et al. 1994:810, 812), and Fullagar et al. 
(1992) examined wooden artefacts from the Anbangbang 1 site in Gagudju country in the Northern 
Territory. Similarly, there has been little residue analysis of ethnographic (e.g. Fullagar et al. 1999) 
or museum-housed wooden artefacts (e.g. Barton 2007; Nugent 2006). These three studies 
identified starch granules and other plant materials on the specimens examined (Barton 2007; 
Fullagar et al. 1999; Nugent 2006). The study of use-wear on wooden tools is limited to Soffer’s 
(2004) examination of museum-housed ethnographic wooden weaving battens from the Old and 
New Worlds for comparison with European bone and ivory exemplars from the Upper Paleolithic. 
In Australia, wood is the source of most Aboriginal material culture, including boomerangs, 
throwing sticks, digging sticks, clubs, mallets, carrying bowls, and ceremonial boards (Kamminga 
1988). Yet, the study of objects made from this raw material remains rare (Kamminga 1988:26), 
especially using residue and use-wear analyses.   
To ascertain whether any of the spears examined had likely been used in ceremony, for fighting or 
for economic pursuits such as fishing and hunting, or had been made for sale would supplement 
current museum documentation, and hence add value to the Museums’ collections (Ambrose and 
Paine 1993:156-157; Loy and Dixon 1998; Rothschild and Cantwell 1981:3). Such results would 
contribute to more informative museum exhibits for learning and amusement; for more meaningful 
information for present day Aboriginal communities; and for both public and scholarly inquiries 
and future research (Ambrose and Paine 1993:157). The following section provides definitions, 
descriptions and stylistic conventions relevant to this study of spears. An overview of the thesis 
concludes the chapter. 
Spear Definition 
According to the Collins English Dictionary (1991:1483), a spear may be: 
• “A weapon consisting of a long shaft with a sharp pointed end of metal, stone or wood 
that may be thrown or thrust”; or 
• “A similar implement to catch fish”. 
A harpoon, according to the Collins English Dictionary (1991:710), is: 
• “A barbed missile attached to a long cord and hurled or fired from a gun when hunting 
whales etc.” 
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The dictionary definitions for spears are very general, describing single-piece implements only used 
for fishing with no mention of spearthrowers or “woomeras” as they are commonly called in 
Australia, artefacts that were used to propel spears (Davidson 1934:43). Aboriginal Australian 
spears were diverse in morphology and were used for many purposes other than fishing. The 
definition for a harpoon is very limited, describing a single morphology with an explicit use. 
Aboriginal harpoons also varied in morphology and were used to hunt large sea creatures other than 
whales. Harpoons, like spears, are thrown and can arguably be classified as projectiles and are 
therefore included as types of spears in this study.  
Spear Throwing 
As noted above, Aboriginal people propelled spears either by hand or with the aid of a spearthrower 
(Davidson 1934:43). In historic times Aboriginal Australians used spearthrowers except in 
Tasmania, Bathurst and Melville Islands, the central coast and parts of southwest Queensland, and 
parts of New South Wales (Davidson 1934:44, 46, 1936:452-453). The extent of spearthrower use 
in New South Wales is not clear. In 1934, Davidson writes that the spearthrower was absent 
throughout a “great part” of the state (Davidson 1934:44). However, in a 1936 map, Davidson 
illustrates they were absent in only the north of the state (Davidson 1936:452). As will become 
evident in Chapter 3, there is also great diversity in Aboriginal spearthrower design. Cundy 
(1989:124) points out that such variation was dependent on a balance between the performance of 
the human body and the types of materials locally available for spear production.  
In his observations of the early years of the penal settlement in Sydney Cove, Bradley (1969 [1786-
92]:127) writes that local Aboriginal people commonly used hand spears for fishing but used the aid 
of speathrowers during other activities. He describes the spearthrower as a short stick almost a 
metre in length with a peg at one end and a shell at the other. The peg was attached to the butt of the 
spear, the spear was steadied with the thumb and the force of the arm was applied to the stick on 
which the spear was poised. Bradley observed that the maximum distance a spear could be thrown 
was approximately 27 metres, although greater accuracy was achieved at distances around 24 
metres. He adds that spears could be avoided, noting convicts who were speared were either 
surprised or surrounded (Bradley 1969 [1786-92]:127-128). Spencer and Gillen (1968 [1899]:20) 
similarly note that the spearing skill displayed by Arrernte men in central Australia varied and that 
only those with exceptional aptitude could kill an animal at more than 20m. In a more recent 
description of how Warnindilyakwa men on Groote Eylandt threw spears, Levitt (1981:20) notes 
that the spear was held at the end of the shaft with the index finger placed on the very tip to guide 
the weapon, which could then be thrown with “terrific force for over 50m”.  
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 Tindale (1925:79) provides an eloquent portrayal of the Warnindilyakwa manner of harpoon use:   
as the canoe drifts silently within striking distance (of the dugong), the straining 
figure hurls the harpoon, adding his own weight as he pitches it into the water. 
With a swirl the wounded creature commences a struggle for life; the rest of the 
line is played out, and the end held as long as the strain will allow without 
breaking the rope or swamping the canoe. Often, a float is let go, and then the 
natives paddle after the animal, which weakened by loss of blood and the 
restraint of rope and float, comes to the surface, and is dispatched with an 
ordinary spear. 
Levitt (1981:31) adds that the shaft and head separated on impact and only the harpoon head 
remained in a wounded animal. 
Definitions for Analytical Terms 
Although Fullagar’s (1986) study pertained to stone tools, his definitions of functional analysis, 
residue analysis and use-wear analysis are equally relevant to the study of wooden artefacts (Nugent 
2006). These definitions are: 
• Functional analysis – “the study of that evidence which contributes to an understanding of 
the use of tools” (Fullagar 1986:9); 
• Residue analysis – “the study of residues which adhere to … tools as a result of contact 
with other materials” (Fullagar 1986:10); and  
• Use-wear analysis – “the study of tool function by examining modifications to the edges 
and surfaces of … tools” (Fullagar 1986:9). 
Stylistic Conventions 
The spelling of the names of Aboriginal Australian groups referred to in this thesis is taken from 
Horton (2000). Although many groups currently use spears, the ethnographic material referred to is 
presented in the past tense for purposes of consistency. Any scientific nomenclature used is that 
provided by the sources noted in the text.  
Davidson (1934:157-158) recognises seven morphologically different spear types indigenous to 
various parts of Australia, the composite wooden spear, the three-piece wooden spear, spears with 
varieties of barbs cut in solid wood, spears with round wooden detachable barbs, spears with flat 
wooden detachable barbs, spears with quartzite spearheads, and spears with Kimberley spearheads. 
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The terms used by other researchers to describe attributes of wooden spearheads vary. Roth (1984 
[1897]:147) for example, terms a detachable barb a “hook”. Unlike Davidson (1934), Thomas 
(1906:80-81) does not distinguish between detachable barbs and those carved in the solid, but 
describes spears with “one strong” barb and spears with barbs “on one side only or on both”. To 
avoid possible confusion, basic terms have been selected to describe the morphology of the majority 
of wooden spearheads discussed in this study. These terms are described and illustrated below: 
• Acicular (Figure 1.1) - when a spearhead is needle-shaped and fairly round in cross 
section;  
• Lanceolate (Figure 1.2) - when a spearhead is broad, quite flat and leaf-shaped;  
• Pronged (Figure 1.3) - when a spear has two or more prongs hafted to the distal end of 
the shaft; 
• Denticulate (Figure 1.4) - when a spearhead has a pointed tip and ‘teeth’ carved along 
one or both edges and is tear-drop shaped or flattish in cross-section; 
• Semi-denticulate (Figure 1.5) - when the spearhead is similar to the latter but the ‘teeth’ 
are not completely carved out; and 
• Barbed (Figure 1.6) - when a spearhead has a small pointed bone or wooden barb 
attached near its tip.  
 
 
 
Figure 1.1. Acicular spearhead shape.   Figure 1.2. Lanceolate spearhead shape. 
   
 
 
 
Figure 1.3. Pronged spearhead shape.  Figure 1.4. Denticulate spearhead shape. 
   
 
 
 
Figure 1.5. Semi-denticulate spearhead shape.  Figure 1.6. Barbed spearhead shape. 
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There are combinations of these forms in some spears. Some implements have prongs that are 
denticulate while the prongs of others have barbs attached near their tips. Along with their shafts 
and hafting arrangements, the spearheads of such artefacts are described accordingly. Stingray-
pronged implements from Wik country in western Cape York (McConnel 1953:25) are categorised 
separately as spears with stingray heads. Harpoons are described according to available 
ethnographic literature. 
Thesis Overview 
To date, little functional analysis has been performed on wooden artefacts. The major aim of this 
study, using residue and use-wear analysis, is to determine whether a sample of Aboriginal 
Australian museum-housed post-contact spears and archaeological points retain traces of their past 
use. The historical context for the changing economic role of spears within Aboriginal societies 
following British colonisation provides the background for extending the aim of the study by 
exploring whether post-contact implements retain traces indicative of change in the technology used 
in their manufacture. Descriptions of how spears and harpoons were thrown and terms describing 
spearheads are defined in this chapter to provide a general understanding of these implements 
within the context of the study. Determining the past use of spears would add to our understanding 
of residue preservation on wood and provide additional information of value to museums and 
Aboriginal communities.  
A synopsis of environments suitable for wood preservation in the archaeological record and 
examples of archaeological wooden artefacts recovered both in Australia and internationally is 
provided in Chapter 2. This chapter also introduces the research sample. The methodology that 
underpins this study, a combination of ethnographic analogy and methodological uniformitarianism, 
is presented in Chapter 3. This chapter also examines relevant ethnographic information in detail to 
hypothesise various spear uses and provide a suite of residues indicative of each use. In Chapter 4, 
the methods of analysis used to examine the research sample and test the hypothetical uses are fully 
explained. The methods incorporate adaptations to procedures due to the nature of wood and 
artefact size, the morphology and optical properties of residues, and hypothesised indications of 
use-wear and possible indications of manufacture and/or repair on wooden projectiles. The 
complete details and results of experiments performed to better understand residue preservation on 
wood are presented in Chapter 5. These experiments comprised the manufacture, use and 
examination of an experimental control spear, short- and long-term burial of wooden stakes applied 
with residues and a long-term combined Hemastix®/spectrophotometry experiment. Chapter 6 is 
devoted to the results and discussion of the analysis of each spear examined and includes exemplar 
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photomicrographs of residues and damage marks observed on the artefacts. Based on the results of 
the analysis of the research sample and experiments, the research questions are addressed and 
suggestions for future research are presented in Chapter 7, the conclusion. 
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Chapter 2.  
 
Wood Preservation and the Sampling Strategy for the 
Functional Analysis of Wooden Spears 
 
Introduction 
Despite being perishable, many organic materials, including wood, survive in the archaeological 
record. In Great Britain alone, archaeological wooden artefacts range from boats (see for example 
Clark 2004) to ladles (see for example Coles et al. 1978:17). In this chapter, factors affecting wood 
degradation and environments suitable for wood preservation in the archaeological record are 
discussed. Examples of international and Australian archaeological wooden artefacts are provided 
to illustrate the diversity of recovered wooden material culture and the various methods researchers 
employ to interpret their functions in the past. Following from the information outlined in 
Chapter 1, the sampling selection process and the research sample are presented in detail to 
conclude the chapter.  
Wood Preservation in the Archaeological Record 
Florian (1990:4) defines archaeological wood as “dead wood, used by an extinct human culture, 
that may or may not have been modified for or by use, and that was discarded by intent or accident 
into a specific natural environment”. Wood decay is caused by a number of chemical and biological 
processes. In normal wood, the majority of elements are organic and consist of the biopolymers 
cellulose, hemicellulose, pectin and lignin (Florian 1990:5; Hedges 1990). Moisture content, 
temperature, pressure, and interaction with groundwater and chemicals can all cause wood to 
degrade in the depositional environment (Hardy and Garufi 1998:178). Chemical changes can result 
in archaeological wood retaining various combinations of its constituent organic elements or 
composed solely of lignin or cellulose. In other instances, the inorganic chemicals in wood may 
replace organic chemicals, thus mineralising the wood (Florian 1990:5). Biological attack of 
archaeological wood is often caused by insects, bacteria and fungi that ingest cell wall components 
(Blanchette et al. 1990:141). Special conditions are therefore required for macroscopic wooden 
artefacts to survive in the archaeological record (Coles et al. 1978:1; Flood 1995:146; Hardy and 
Garufi 1998:178; Langejans 2010:972). 
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Extreme waterlogging in peat environments and extreme aridity are two such conditions (Hedges 
1990:120). Destructive organisms are deprived of air and do not survive in waterlogged 
environments (Coles et al. 1978:2; Taylor 1981:7-8). Conversely, due to lack of moisture, these 
organisms do not survive in extremely arid conditions (Coles et al. 1978:2; Hedges 1990:120; 
Taylor 1981:7-8). Charred or carbonised wood can be preserved because very few organisms digest 
carbon (Beck 1989:32, 38; Clarke 1999:54; Taylor 1981:7). Four such carbonised wooden artefacts, 
perhaps shovels, were recovered by Carbonell and Castro-Curel (1992) from a rockshelter near the 
Annoia River in Spain. These remains were dated using the Uranium series method to between 
45,000 and 49,000 BP (Bischoff et al. cited in Carbonell and Castro-Curel 1992:708-709). 
Preservation of wood also occurs in association with corroded metal products, as a stain, as 
impressions in fired clay or in salt (Taylor 1981:26).  
As well as being suitable for preserving organic remains such as human bodies (Lobell and Patel 
2010; see also Pestka et al. 2010), peat is one of the best environments for preserving wood 
(Hedges 1990:120). For example, Dillehay (1984:102, 109) excavated many wooden artefacts, 
including a tool resembling a lance, from a peat deposit in Monte Verde, Chile. More fragile 
organic materials such as cordage were also recovered, illustrating the very high levels of 
preservation at this particular site. The artefacts were dated to between c.13,000 and 12,500 BP. 
Peat is a layered deposit of partially decomposed vegetation from former marshland that when 
saturated with water produces a cushioning effect (Coles et al. 1978:2, 4). Peat preservation 
qualities are not well understood with the degree of preservation varying, possibly due to different 
factors such as the chemistry, temperature and water level within the layers and between different 
peat environments (Lobell and Patel 2010).  
Peat sites with platforms, walkways, hurdles as well as wooden tools are numerous in Great Britain. 
Thousands of wooden stakes and stretches of hurdle-work were preserved at the Iron Age Meare 
Village West situated about 300m north of present day Meare in the Somerset Levels. At adjacent 
Meare Village East, another Iron Age mound village, beneath peat (Sphagnum-Calluna overlying 
Phragmites peat) and clay layers a wooden framed platform that was possibly used as a drying store 
for animal products was excavated (Coles 1987:148, 235, 237-238). Multidisciplinary studies have 
revealed that from as early as c.2,300BC, prehistoric English woodworkers managed their 
woodlands by coppicing trees such as ash, alder, oak and hazel to produce straight sturdy stems for 
hurdle work and other structures (Coles 1987:151-154). Many more organic artefacts of a similar 
age have been recovered from nearby Iron Age Glastonbury, a village with an even wetter 
environment (Coles 1987:150).  
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Neolithic, Bronze Age and Iron Age archaeological wooden artefacts from peat environments in 
Great Britain include handles, hilts, scabbards, hafts, sheathes, spears, shields, bows, arrows, clubs, 
watercraft, burial structures and numerous household implements (Coles et al. 1978:6-23). From 
identification of the wood used in such archaeological remains, researchers have determined that 
prehistoric English woodworkers understood the properties of local timber, selecting suitable 
species for specific implement manufacture. Oak, being hardwearing, was used to make watercraft; 
axe handles were made of ash because it resists splitting; and flexible yew was used to make bows 
(Coles et al. 1978:25-26).  
Helmut Thieme recovered three silver fir (Abies alba) tools with possible hafting grooves beneath a 
peat horizon at the lowest level in 1995 at the Schöningen open-cut coalmine in Germany (Thieme 
1997:807-808). Thought to be the oldest composite tool components found, the three grooved 
artefacts were discovered along with flint artefacts and mammal bones, including elephant 
(Elephas antiquus) bones (Thieme 1997). Thieme recovered three spears and a possible throwing 
stick, all crafted from spruce (Picea sp.) from Level Four of the same site. The spears were found in 
association with flint points and scrapers, and horse bones displaying butchery traces. Examination 
of the spears has revealed the three were crafted to function as projectile weapons with the distal 
ends being thicker and heavier than the proximal ends. The finds have been estimated to be 400,000 
years old (Thieme 1997). According to Dennell (1997:767-768), the javelin-like spears and 
associated skeletal remains indicate hominids did not scavenge but hunted and killed large animals. 
Hundreds of wooden artefacts from c.500AD in the early Vanvizdino culture were preserved in an 
oxbow peat bog in the Vychegda Basin near Lake Sindorskoye, Russia (Burov 2008:54). The 
artefacts included components of “cherkans” (jaw traps) used to hunt ermine and other small fur-
bearing animals, bow drills, remnants of hunting bows, hoes, a hanging hook, handles for various 
implements, laths for blinds used in huts without chimneys, a ski, a toy ball and a figurine that may 
have been a toy or a cult object. Artefact components were identified by replicative experimentation 
and comparative analysis with similar historically recorded items in Russia (Burov 2008).  
Waterlogged gravel at Clacton-on-Sea in Essex, Great Britain preserved a Palaeolithic yew pointed 
wooden shaft that was found in association with bones of Elephas antiquus. Using comparative 
ethnological analysis, the artefact was classified as a probable thrusting spear point (Carbonell and 
Castro-Curel 1992:707-708; Coles et al. 1978:5, 10, 12-13; Goren-Inbar et al. 1994:108).  
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In 1948 at Lehringen in the Aller River valley, Germany, a 2.4m yew (Taxus baccata) spear was 
found in the ribcage of an extinct straight-tusked elephant (Elephas antiquus) along with 
approximately 12 flint flakes. The artefacts were located at a depth of two metres in marl or 
calcareous clay lacustrine deposits of the Riss-Würm Interglacial age (Movius Jr 1950:139, 141) 
laid down in the Middle Palaeolithic about 100,000 years ago. According to Adam and Jacob-
Friesen (cited in Goren-Inbar et al. 1994:108; see also Movius Jr, 1950:140), the spear was a 
thrusting implement and its head had been fire-hardened and worked with stone. Ethnological 
comparison with elephant hunting in the Cameroon jungle indicated the extinct elephant had been 
stalked, speared, tracked until its death and then butchered with the stone tools (Movius Jr 
1950:141-142).  
A Han chariot with wooden and metal components and a silk umbrella were recovered in 2006 from 
Mound 20, a Hunnu burial mound in the Noin Ula Mountains, Mongolia (Polosmak et al. 2008a, 
2008b). According to Polosmak et al. (2008a:77), the funerary goods were well preserved, not only 
because of the continental climate and the Hunnu burial rite that incorporated 18m deep graves and 
double burial pine chambers with floors and strong roofs, but because the graves were covered with 
detritus-filled clay. Although looters had destroyed half of the chariot, the remainder permitted 
reconstruction. The chariot has been identified as a yao che, a light carriage used by high-ranking 
officials for combat, hunting or pleasure as depicted on Han paintings and bas-reliefs 
(Polosmak et al. 2008a:82, 2008b:66, 69).  
The “Tyrolean Ice Man”, mummified by desiccation (extreme aridity) was discovered in 1991 in 
the Öetzaler Alps, Italy. For about 5,000 years, the man, aged between 25 and 40 years, had been 
frozen under five metres of ice at temperatures from minus 10 degrees to zero with constant 
humidity (Seidler et al. 1992:456; zur Nedden et al. 1994:810, 812). His well-preserved toolkit 
includes a small silex (flint) dagger, a copper axe with an elaborate yew handle, fourteen tubular 
guelder rose (Viburnum lantana) arrow shafts and a bow made from yew. The stiffening for the 
quiver is hazel (Corylus avellana) and one arrow shaft has an anterior section of carved cornel 
wood (Cornus sp.). Wooden fragments, believed to be part of the man’s pack frame, were also 
recovered (zur Nedden et al. 1994:813-814). Interpretations of the “Ice Man’s” cultural background 
and occupation have varied because of the damaged condition of the toolkit contents and the lack of 
any trace of food supplies (zur Nedden et al. 1994:813). Some scholars maintain that, due to the 
tool damage and the presence of the copper axe possibly of Remedello cultural origin, he was a 
Neolithic farmer, hunting occasionally to supplement his food supplies. During residue analysis of 
the tools, Loy (1994d) obtained strong positive reactions to residue screening for blood on the 
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dagger handle and two of the arrow shafts. Loy also observed starch granules on the axe during 
microscopic examination and suggests the Ice Man may have been a hunter or a farmer. The lack of 
provisions and the presence of blood indicate that he may alternatively have been an independent 
hunter, digging for wild tubers and trading with lowland farmers for his copper implements 
(Loy 1994d).  
Wood Preservation in the Australian Archaeological Record 
Few archaeological wooden artefacts of any antiquity have been recovered in Australia, due to the 
high rates of decomposition and the voracious appetites of termites (Beck 1989). Plant 
decomposition is greater in Australia compared with countries closer to the poles (Swift et al. 1979) 
due to higher rainfall and hence higher soil moisture content, which provides a suitable environment 
for destructive micro-organisms, fungi and termites (Isoptera sp.) to thrive (Beck 1989:35-37). 
Numerous termite species occur in the tropics, including within arid environments, where they 
construct moist soil runways in which to work protected (Swift et al. 1979:111, 229). 
The oldest Australian spears found in association with other wooden artefacts, including a 
boomerang, as well as a stone toolkit and dated at c.10,000 years BP are those recovered by Roger 
Luebbers in 1974 at Wyrie Swamp in South Australia (Luebbers 1975). Luebbers (1975:39) 
describes one spear as simple and short and the other (Figure 2.1) as a “barbed javelin fragment 
carved from a single piece of wood”. Relying on microscopic evidence and ethnographic 
comparisons that other researchers have used to determine the use of similar stone tools, the author 
suggests the Wyrie Swamp stone assemblage had been used to process plant foods and wood, 
especially as no faunal remains were recovered in association with the artefacts. Luebbers 
(1975:39) maintains that during the Pleistocene, just as at European contact, Aboriginal Australians 
were using a portable but highly efficient toolkit to exploit their environment.  
 Figure 2.1. Barbed spear recovered from Wyrie Swamp, South Australia by Luebbers (1975), image 
in Flood (1995:213).  
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In his excavations of the Nara Inlet 1 rockshelter on Hook Island in the Whitsunday Group, North 
Queensland, Barker (1996:34, 36; 2004:83) recovered a wooden bi-point and other non-lithic 
artefacts in deposits dated at post 3,000 BP uncalibrated. Based on the reduction of lithic material 
and increase in non-lithic material at c.3,000 BP at this and other sites in the area, Barker (1996:37) 
argues there was a marked increase in site use and an intensification of marine resources in the 
region.  
In 1991, during part of a regional study of rock art forms in southeast Cape York Peninsula, Bruno 
David (1992) recovered a digging stick from stratigraphic unit four of an excavation he undertook 
in Mordor Cave. Charcoal from this cultural layer, which also contained well-preserved plant 
material, was radiocarbon dated at 940±60 cal BP (David 1992:52). 
McBryde (1977) undertook research involving macroscopic analysis, wood identification, dating 
and a review of the relevant ethnography on three wooden artefacts, currently housed in the 
Australian Museum that were recovered from waterlogged environments on the central coast of 
New South Wales. The artefacts are a boomerang found during dredging operations in the Clarence 
River and dated to 140±70 BP uncalibrated (McBryde 1977:661), and a spear point and boomerang 
uncovered during trench excavation of the then dry Trial Bay Creek bed. The spear point was found 
at the same depth of 2.4m and within 1.5cm of the boomerang in a vertical cluster with two similar 
fragmentary points that did not withstand removal from the creek bed. The recovered point was 
assumed to be part of a multi-pronged spear. According to the ethnographic literature, men used 
such spears to fish in shallow water or from canoes (McBryde 1977:660-662). Due to its degraded 
and fragile condition, a sample from the spear point could not be removed for dating, although a 
date of 480±70BP uncalibrated was obtained for the nearby boomerang (McBryde 1977:661-663). 
Other wooden artefacts have been recovered from surface sites. Two of these from the Blue 
Mountains to the west of Sydney and now in the Australian Museum are a boomerang and a club. 
The boomerang was found in 1813-1814 during the surveying or construction of The Western Road 
(Attenbrow 2009). According to Attenbrow (2009:113), the ornately incised club, found recently 
near Faulconbridge, is similar to an implement described in 1836 by William Govett as a hatchet. In 
the early 1980s, 54 wooden as well as numerous stone artefacts were collected from the surface of 
three rockshelters located on the crest of the Victoria Range in Gariwerd (the Aboriginal name for 
the Grampians Ranges), western Victoria (Gunn 2009:23). The rockshelters, Cultivation Creek 15 
(CC15), Cultivation Creek 20 (CC20) and Cultivation Creek 29 (CC29) are within 3km of each 
other and the similar rock art styles present in these sites suggest their contemporaneous use (Gunn 
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2009:23-26, 29). Metal chopping marks observed on the wooden artefacts indicate use of the sites 
into the contact period (Gunn 2009:29). Twenty-two of the artefacts were bark slabs of similar size 
to those used by Western Victorian Aboriginal groups to peg out possum skins for rug and cloak 
production as described in the ethnographic literature. The ethnographic literature also suggests the 
wooden pegs among the artefacts were used in the processing of kangaroo skins, cloaks and water 
bags (Gunn 2009:26-29). In 1995, in Namadgi National Park, Australian Capital Territory, a 
digging stick was found beneath an overhang at a cliff base (Argue et al. 1997:13-14). With 
permission from the Ngunnawal people, a sample was removed from the stick and radiocarbon 
dated at 224±50BP uncalibrated (D. Argue, Environment ACT Heritage Unit, pers. comm., 2000). 
Following a review of the ethnographic literature and noting that there was an abundance of 
wildlife, tuber-bearing orchids and native spinach (Einadia sp.) in the area near the overhang, 
Argue et al. (1997:14-16) suggest the digging stick could have been used to hunt for small animals 
and dig for tubers. During a field survey of the Diamantina National Park in Central Western 
Queensland in 1999, Carl Porter and Anthony Simmons discovered another apparent digging stick 
in a rockshelter. This artefact was photographed and left in-situ (A. Simmons, UQ, pers. comm., 
2000). More recently, a hafted stone axe was found in a rockshelter in Wollemi National Park in the 
Blue Mountains (Kelleher 2009:92) along with a firestick that was left in-situ (Paul Taçon, Griffith 
University, pers. comm., 2009). 
There has been a diverse range of archaeological wooden material culture recovered in Australia 
and internationally. The examples described above illustrate various methods that researchers use to 
interpret what archaeological wooden remains were and how they were previously used, including 
referring to historical literature and artwork. Some archaeologists label simple pointed shafts as 
spears without any direct evidence, relying on either ethnographic information or associated faunal 
remains to assign function. Making such functional interpretations based on historical and 
ethnographic literature is a convention called ethnographic analogy (Hiscock 2008:3-4). It was 
hoped this study, involving residue and use-wear analyses of a sample of spears, would provide a 
way for archaeologists to obtain direct evidence to substantiate such attributed functions. Details of 
the research sample and its selection now follow.  
Sampling 
A sample suitable to answer both of the research questions presented in Chapter 1 involved 
acquiring archaeological specimens and selecting Aboriginal Australian post-contact spears for 
examination. 
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Acquisition of Archaeological Sub-Sample and Site Details 
Four archaeological wooden points recovered from the Anbangbang 1 site in Gagudju country were 
borrowed from the Museum and Art Gallery of the Northern Territory. The four wooden points 
were among several denticulate points recovered from the Anbangbang I archaeological site in 
Gagudju country (Jones and Johnson 1985:60). Artefact ANBBI U8 1 was collected from the 
surface, and artefacts ANBBI U17 SE 1-6, ANBBI R9 SW2-12 and ANBBI T8 2-17 were 
excavated from Level 1 (Clarke 1985:95). 
The Anbangbang I Site 
The Anbangbang I site is a large rockshelter below the southern end of the Nourlangie Rock outlier 
(Figure 2.2) (Jones and Johnson 1985:39). Excavations at the site commenced in June, 1981 (Jones 
1985b:44).  
Despite the tropical locality of the Anbangbang rockshelter, organic material was remarkably well 
preserved, especially toward the top and rear of the site (Clarke 1985:77, 1989:79). In addition to a 
variety of bone, shell and macroscopic plant remains, at least 38 wooden artefacts (Jones and 
Johnson 1985:60), including bamboo stems, recorded as probable spear shafts (Clarke 1985:88), 
were recovered from the surface and upper dust layer of Level I within the site grid (Clarke 
1985:93). The artefacts may be up to 800 years old as Level II was radiocarbon dated to 790±80BP 
(Jones and Johnson 1985:54). The wooden tools were recovered in association with wood shavings 
and resin lumps. Resin was also found on three wood splinters, suggesting the production and/or 
maintenance of composite artefacts at the site (Clarke 1985:93; 1989:83). 
The upper layer was divided into metre squares that were trowelled onto shovels, emptied into 
buckets and then dry-sieved (2mm mesh size) (Johnson and Jones 1985:31). Excavated artefacts 
and those recovered during dry-sieving were bagged together for further laboratory processing. In 
the laboratory at nearby Nourlangie Field Station, the excavated and dry-sieved material was 
floated in clean water to recover charcoal and other plant material and then wet-sieved (Johnson and 
Jones 1985:33). 
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Figure 2.2. Location of the Anbangbang 1 archaeological site (Map after Clarke 
1989:70). 
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The archaeological evidence from Anbangbang 1 indicates that, several hundred years ago, some 
Gagudju people resided in the rockshelter during the wet season (Jones 1985a:291), where they 
maintained and/or manufactured artefacts (Clarke 1985:93; 1989:83) and exploited a wide range of 
plants and animals from the surrounding countryside. Prey included lizards, flying foxes and 
wallaroos from the rocky outliers and freshwater turtles, goannas and fish from the swamps at the 
cliff base (Jones 1985a:291). 
Previous Analysis of Wooden Artefacts from Anbangbang I 
Fullagar, Meehan and Jones (1999) examined archaeological wooden artefacts from Anbangbang I 
for residues and traces of use as part of a large study of 46 ethnographic and 134 archaeological 
Aboriginal tools from northern Australia, including stone, bone, shell, glass and metal material 
culture (Fullagar et al. 1999:20). Fullagar found plant tissue on many of the wooden artefacts 
analysed, noting that fewer residues survived on archaeological compared with ethnographic 
artefacts and that residues survived “particularly poorly” on wooden artefacts (Fullagar et al. 
1999:21-22). The sample acquired for this study, artefacts ANBBI U8 1, ANBBI U17 SE 1-6, 
ANBBI R9 SW2-12 and ANBBI T8 2-17 were not listed among the artefacts Fullagar examined 
(Dr R. Fullagar University of Sydney, pers. comm., April 2006). Given the relative low-
magnification strength of the microscope available to him at the time (120x and 300x with incident 
brightfield illumination) (Fullagar et al. 1999:20), he recommended examination of these four 
wooden points using a microscope with greater magnification (Dr R. Fullagar, University of 
Sydney, pers. comm., April 2006). 
The Sampling Strategy for Selecting Post-Contact Spears 
The universe of spears in Australia is unknown, as is the universe of spears in Australian museums 
although an inventory of Aboriginal ethnographic artefacts held in 24 major institutions was 
undertaken between 1983 and 1985 under the auspices of the Australian Museum, the Council of 
Museum Directors, the Aboriginal Arts Board and the Australian Institute of Aboriginal Studies  
(Meehan and Bona 1986). According to the inventory, a tally of 14,577 spears was housed in 
twenty of these institutions. Meehan and Bona (1986) note in the preface to the report that the 
inventory should be viewed as an informed estimate of artefact numbers rather than an accurate 
inventory due to such problems as variations in recording and nomenclature among institutions and 
post-inventory acquisitions.  
The sample of post-contact spears was selected from the University of Queensland Anthropology 
Museum (UQAM) and the Queensland Museum (QM) to obviate logistical problems associated 
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with borrowing and moving large implements from other institutions in Australia. The population 
of artefacts categorised as Australian spears or harpoons in the UQAM records is 579, while those 
housed in the QM number 1,137 (QM records). Residue analysis involving high magnification 
microscopy is too time-consuming to examine hundreds of large artefacts (Dunnell 1978:53; Odell; 
Odell-Vereecken 1980:88), therefore given time constraints and estimation of at least 40 hours of 
microscopic examination per spear, a sample of 40 post-contact implements was initially selected. 
Bearing in mind the research questions, the proposed methods of analysis and the available 
population of spears and harpoons, a judgmental sampling process was adopted with the aim of 
attaining some representation of artefacts from different localities. Factors considered during the 
selection process included: 
• The research was a study of predominantly wooden objects, so spears with heads 
comprised of glass or metal were excluded from the population, but those with hafted 
bone barbs were included as the predominant material of the head is wood. Those with 
stone heads were also included for comparative purposes; and 
• Those with ornate ochre decorations were excluded because the removal of residues 
during microslide preparation requires the application of water to artefacts. Such a process 
would damage the artwork. However, some artefacts with faint decorations were included. 
The following implements were also excluded: 
• Spear shafts without heads, as this is the most likely area on spears or harpoons where 
indications of past use might be observed;  
• Extremely fragile or broken spears, keeping in mind the value of museum objects and 
avoidance of further damage; and  
• Those classified as toys in museum records, as they were considered unlikely to have been 
used for successful hunting. 
The sample of 40 post-contact spears from Queensland comprised the following:  
• From the UQAM: five spears from Mornington Island in the Gulf of Carpentaria. 
• From the QM: seven specimens from Bentinck Island in the Gulf of Carpentaria; seven 
from Turn Off Lagoon on the Gulf mainland; seven from near Burketown on the Gulf 
mainland; one from the northwest Queensland (Qld)/Northern Territory (NT) border; two 
from Boulia; four from Mapoon in western Cape York; and seven from Edward River in 
western Cape York.  
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The five spears from Mornington Island were treated as a pilot study, during which methods for 
analysing the artefacts were trialed and standardised. 
Revised Research Sample 
Macroscopic and low-magnification microscopic examinations of the QM specimens were 
undertaken at that Museum as the artefacts’ large size precluded easy transport to the 
Archaeological Science Laboratory (ASL) at The University of Queensland (UQ). As the low-
magnification microscope from UQ was only available for a limited period, fewer artefacts could be 
examined at the QM. The final sample consisted of the four archaeological specimens recovered 
from the Anbangbang 1 site in Gagudju country and 20 post-contact artefacts from the state of 
Queensland, with six from the UQAM and 16 from the QM. 
The UQAM sub-sample comprised: 
• Five spears from Mornington Island in Lardil country, Gulf of Carpentaria, Qld; and  
• One from the Archer River area in Wik country, western Cape York, Qld. 
The QM sub-sample consisted of:  
• Seven spears from Bentinck Island in Kaiadilt country, the Gulf of Carpentaria, Qld;  
• Two from Turn Off Lagoon in Mingin country, the Gulf Region, Qld;  
• Two from near Burketown in Mingin country, the Gulf Region, Qld;  
• One from the northwest Qld/Northern Territory border; and  
• Two from Boulia in Pitta-Pitta country, Qld. 
Figure 2.3 illustrates the Aboriginal countries (refer to Horton 2000) from which the archaeological 
specimens were recovered and the post-contact spears (apart from the implement from the 
northwest Qld/Northern Territory border) are recorded as having originated. The museum catalogue 
information and designated artefact numbers pertaining to the post-contact spears are presented in 
Table 2.1. Although the museum records indicate some probable spear uses for the post-contact 
artefacts, only one specimen, #200 (15200), is recorded as being manufactured as a commodity for 
sale. This specimen was selected for comparative purposes. The QM sub-sample included three 
specimens classified as harpoons. Two of the QM spears are stone-headed implements, selected to 
determine possible differential residue preservation between wood and stone. As can be seen in 
Table 2.1, collection dates are not recorded for all of the post-contact implements. One specimen 
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 Figure 2.3. Aboriginal countries of spear origin included in this study (Map after Horton 2000). 
 
 
 
  
Table 2.1. Museum catalogue information and allocated artefact numbers for the ethnographic spear sample. 
Catalogue 
Number 
Allocated 
Number 
Origin Year 
Collected 
Acquisition 
Date 
Functional Category/Description Collector/Donor/Purchased 
University of Queensland Anthropology Museum 
395 100 Mornington Is 
Gulf of Carpentaria 
Qld 
- 1949 Hunting/collecting spearhead Foundation donation from LP 
Winterbotham, collected from 
Mornington Is Mission  
15290 200 Mornington Is 
Gulf of Carpentaria 
Qld 
- 1973 Three-pronged fishing spear, approx 780mm long, possible 
acrylic painted maroon shaft with mustard, black and white 
banding, synthetic twine and glue hafting painted black 
Purchased from ‘Aboriginal 
Creations’, a distributing 
group representing Aboriginal 
artists 
396 300 Mornington Is 
Gulf of Carpentaria 
Qld  
- 1949 Hunting/collecting spearhead Foundation donation from LP 
Winterbotham, collected from 
Mornington Is Mission  
3209 400 Mornington Is 
Gulf of Carpentaria 
Qld 
- 1949 Hunting/collecting spear Donated by Mrs Early for 
Anthropological Society 
Collection – foundation 
donation 
24229 500 Mornington Is 
Gulf of Carpentaria 
Qld  
- - Hunting/collecting spear - 
15300 2000 Archer River 
West Cape York 
Qld  
- 1950 Weapon offensive spear, called a keka yandala, kangaroo bone 
point 
 
Collected by Ursula H 
McConnell  
Queensland Museum 
QE-1987-0 600 Bentinck Is 
Gulf of Carpentaria 
Qld 
1903 1903 Spear – composite – piece of wood stem with broken distal and 
proximal ends. Small broken piece of wood attached to 
proximal end with nails and twine. Stained. Rough modified 
surface 
Donated by Dr W E Roth 
Northern Protector of 
Aborigines 
QE-4712-1 700 Bentinck Is 
Gulf of Carpentaria 
Qld 
1903 1903 Spear, harpoon denticulate head offset, sapling, wood point 
loose, nicked  
Donated by Dr W E Roth  
Northern Protector of 
Aborigines 
QE-4712-2 800 Bentinck Is 
Gulf of Carpentaria 
Qld 
1903 1903 Spear, harpoon denticulate head offset, sapling, wood point 
loose, nicked 
Donated by Dr W E Roth 
Northern Protector of 
Aborigines 
 
 
 
  
Catalogue 
Number 
Allocated 
Number 
Origin Year 
Collected 
Acquisition 
Date 
Functional Category/Description Collector/Donor/Purchased 
QE-4712-3 900 Bentinck Is 
Gulf of Carpentaria 
Qld 
1903 1903 Spear, harpoon denticulate head offset, wood point loose, 
nicked. Shaft – one-piece, wood, bend in mid-shaft, regular 
black bands (possibly burn marks) along shaft. Head – one 
piece, wood. Carved barbs. Distal tapers to point. Hafted to 
shaft, bound with fibre. Butt not recessed. 2700 x 30 
Donated by Dr W E Roth 
Northern Protector of 
Aborigines 
QE-4798-0 1000 Bentinck Is 
Gulf of Carpentaria 
Qld 
1903 1903 Spear, two-piece, three wood prongs, sapling, three points loose 
nicked, composite. 2720 x 45 x 45 
Donated by Dr W E Roth 
Northern Protector of 
Aborigines 
QE-4811-0 1100 Bentinck Is 
Gulf of Carpentaria 
Qld 
1903 1903 Spear, two-piece, notched point Donated by Dr W E Roth 
Northern Protector of 
Aborigines 
QE-4812-0 1200 Bentinck Is 
Gulf of Carpentaria 
Qld 
1903 1903 Spear, two-piece, three notched points Donated by Dr W E Roth 
Northern Protector of 
Aborigines 
QE-53-2 1300 Turn off Lagoon 
near Burketown 
Gulf Region, Qld 
- 1911 Bamboo spear. Woomera used with same. Bamboo shaft spear 
with two-pronged head joined to shaft with resin. L2295, W70 
Donated by Constable E P 
Smith Local Protector of 
Aborigines 
QE-53-3 1400 Turn off Lagoon 
near Burketown 
Gulf Region, Qld 
- 1911 Bamboo spear. Woomera used with same. Two-pronged spear Donated by Constable E P 
Smith Local Protector of 
Aborigines 
QE-4708-0 1500 Near Burketown 
Gulf Region, Qld 
- 1909 Spear, four teeth in 11 sets around head, one-piece Purchased from Stephen W 
Buhot 
QE-4731-0 1600 Near Burketown 
Gulf Region, Qld 
- 1909 Spear, four-barbed prongs. Shaft one-piece, wood, painted 
black. Head – four wooden prongs, stained. Four bone tips and 
barbs, bound with fibre and gum. Hafted to shaft. Butt broken 
and split. 2340 x 52 
Purchased from Stephen W 
Buhot 
QE-4698-0 1700 Boulia - 1892 Spear, one-piece, leaf-shaped head Donated by J A Coghlan 
Manager of Glenormiston 
Station 
QE-4744-0 1800 Boulia - 1892 Spear, leaf-shaped, separate point Donated by J A Coghlan 
Manager of Glenormiston 
Station 
QE-4685-0 1900 Northwest Qld/NT 
border 
- 1907 Spear, quartzite head, woomera spear, shaft – 2636mm, stone 
head 85x35mm 
Purchased from Stephen W 
Buhot 
There were no records stating that any of the spears had been used nor were any manufacturing details provided; 
#QE-53-2 (1300) was found to be a quartzite-headed spear, not pronged; and #QE-4731-0 (1600) was fumigated with methyl bromide in 1983.  
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housed in the UQAM has no recorded acquisition or collection date. However, 14 of the post-
contact implements were acquired around the turn of the twentieth century and five were acquired 
in the mid-twentieth century. Thus, acquisition dates for 19 of the 20 post-contact sample cover the 
time periods of recorded changes in manufacturing and economic use of Aboriginal spears in 
northern Queensland due to the effects of British colonisation as described in Chapter 1. 
Aside from the spears with stone heads, the post-contact sample comprises a variety of wooden 
spearhead morphologies, that is, denticulate, pronged, barbed and lanceolate. However, the sample 
only provides minimal representation of spears from Bentinck Island and the Gulf of Carpentaria 
region. The sample is also geographically biased because apart from #QE-4685-0 that may have 
originated in the Northern Territory, the implements are from within the state of Queensland 
(Haslam 2009:48; Renfrew and Bahn 1996:72). Therefore, it would be inappropriate to draw 
general conclusions about spears or harpoons across the entire continent based on the results of the 
analyses undertaken in this research. However, this bias may be irrelevant when considering the 
aim of the research (Binford 1975:252), that is, to explore whether or not it is possible to 
empirically determine if any of the implements retain traces of their manufacture and use. Further to 
this, the sample size necessary to achieve this aim was impossible to predict. As Haslam (2009:56) 
summarises in his survey of residue and use-wear studies of stone tools over a 30 year period, there 
is “no necessary correlation between the number of artefacts analysed in a given study and the 
number of identifiable and interpretable residues”. 
Chapter Summary 
Examples have been provided in this chapter to demonstrate that, despite being perishable, wooden 
material culture does survive in the archaeological record although mainly in peat or extremely arid 
environments. Apart from Loy (1994d) who examined the Ice Man’s toolkit, researchers generally 
rely on associated faunal remains and/or ethnographic analogy rather than direct evidence to assign 
function to recovered wooden spears. The chapter also introduced the research sample, comprising 
archaeological points and post-contact spears from northern Australia that were selected for 
examination to determine if they retain traces indicative of past use and, in the case of the post-
contact implements, indications of changes in manufacturing technology. The methodology 
underpinning this study is presented in the next chapter. 
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Chapter 3.  
 
Ethnographic Data as Hypothesis-Building Tools for the 
Interpretation of Use-Traces  
 
Introduction 
In this chapter, methodological considerations pertaining to the approach adopted for this functional 
analysis of spears are presented. Relevant ethnographic backgrounds are also presented to provide 
as much information as possible about the implements in the research sample. Although this 
information demonstrates problems associated with using ethnographic analogy alone to assign 
function, it permits the development of data sets from which to propose testable hypothetical spear 
uses. 
A Methodological Approach 
Like many researchers undertaking functional studies of artefacts, I also adopted an “integrated 
approach”, using mutually informative use-wear and residue analyses (Fullagar 1986:74, 1998:14; 
Fullagar et al. 1998:50; Hall et al. 1989:136). A variety of methods can be used in such analyses, 
many of which have been borrowed from disciplines other than archaeology (Haslam 2006:403) 
and deemed appropriate for application to the different materials from which archaeological 
specimens are manufactured. Researchers often include a history of the development of both use-
wear and residue research as a methodological background. For instance, a comprehensive 
overview of previous research can be found in Robertson’s (2005) analysis of eastern Australian 
backed stone artefacts. Similarly, Kononenko (2011:5) discusses past studies of stone tools in an 
extensive analysis of 1395 obsidian artefacts from Papua New Guinea, pointing out the limited 
number of published studies relating specifically to obsidian, while in her study of Lapita potsherds, 
Crowther (2009a) provides a review of previous residue analyses specific to ceramics. Although 
these studies and other works provide the foundation for the development of the methods used in 
this research, a fundamental methodology pertaining to microscopy, the major method of analysis 
utilised in all residue studies, was sought. 
As late as the nineteenth century, cultural evolutionary ideas meant Indigenous peoples, especially 
Aboriginal Australians, were often represented as unchanged primitives not having progressed very 
far along the evolutionary path (Hiscock 2008; see also Hurst Thomas 1989:542; Peterson et al. 
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2008:1; Shennan 2005; Trigger 1984:278, 294). As a consequence, and exemplified in Chapter 2, 
many archaeologists have interpreted prehistoric archaeological findings based on similar features 
identified in historical and ethnographic records of Aboriginal peoples (Hiscock 2008:3-4). Using 
ethnographic analogy to infer prehistoric Aboriginal material culture manufacture and use is based 
on substantive uniformitarianism (Gould 1965:223; Hiscock 2008:18), part of a theory developed 
by the British geologist Charles Lyell in the early nineteenth century (Bahn 2005:274; Gould 
1965:225). This principle, one part of Lyell’s theories of uniformity, proposes that geological and 
organic changes were produced by “natural processes at relatively constant rates” (Bahn 2005:276; 
Gould 1965:223). 
One danger emanating from using ethnographic analogy uncritically is that historical and past 
peoples are often inferred to have more features in common than are represented in the 
archaeological record (Salmon 1982 cited in Hiscock 2008:3). Another problem, relevant to the 
study of post-contact spears as well as archaeological points, is the continued belief “that little has 
altered over time” (Hiscock 2008:3). As Hiscock (2008:9-17) explains, and also illustrated in the 
ethnographic and historical background presented in Chapter 1 and below, contact with Macassan 
trepang fishermen in the north and colonisation by the British resulted in many changes to 
Aboriginal peoples’ ways of life before Europeans recorded them. Although the spread of 
introduced diseases reduced populations, the colonists reduced hunting and gathering territories and 
new technologies altered manufacturing processes and trade. All of these factors changed the 
economy, including foraging strategies, as well as the social dynamics of Aboriginal communities. 
Using only the available literature to determine what a spear was designed for would not only likely 
be inaccurate but would not provide direct evidence indicating the implement had been used or how 
it had been used; it would only provide an indication of the possibilities. Despite these caveats, 
ethnographic literature contains a great deal of information about Aboriginal Australian spears that 
can be very useful when investigating use-traces (Fullagar 2006:209) and arguably, manufacture-
traces as well.  
Watson, in Gould and Watson (1982:359), claims that ethnographic analogies can be treated “as 
testable hypotheses or models rather than as immediately acceptable interpretations”. Gould 
(1982:371) argues “that such hypotheses must be generated by uniformitarian principles developed 
in relation to allied sciences rather than from ethnographic analogues”, that is, utilising 
methodological uniformitarianism. Methodological uniformitarianism, also developed by Lyell, is 
based on the notion “that during prehistoric times the natural laws established for physics, 
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chemistry, geology, biology and other sciences were the same as they are now” (Bailey 1983 cited 
in Hiscock 2008:18; see also Salmon 1982 cited in Fullagar 2006; Gould 1965).  
Hypothesis-Building and Testing 
In keeping with Watson’s (Gould and Watson 1965:359) approach, this functional analysis of 
spears used the available ethnographic information to provide complementary and contrasting data 
that could be tested using observed traces of use as evidence. Residues indicative of specific use 
were proposed for each artefact examined based on descriptions of the morphology of spears and 
their uses provided in ethnographic literature. Light microscopy was then used as the major method 
to detect and identify use-traces, thus verifying or negating the hypothetical uses. Residue 
identification was reliant on the observed optical properties of mineral, botanical and animal 
remains; properties that were the same in the past as they are now. Thus an inductive inference of 
spear use could be made based on a finite number of microscopic observations (Gould 1965:226). 
According to Gould (1965:226, citing Bacon n.d.), inductive inference “is the basic mode of 
reasoning in empirical science”, and as such, was considered the most suitable framework for this 
research. The ethnographic information relevant to the research sample and used to collate testable 
data is presented in the following section. 
Ethnographic Background 
Aside from that relating to the Gagudju people, for whom there is little literature directly relating to 
spear use, the information presented below includes the data sets in the form of tabulated 
summaries of spear and harpoon morphologies, their uses, and whether or not they were used with a 
spearthrower. As much information as possible about spear manufacture is included because 
different manufacturing tools can leave various features on artefacts. Residues that are manufacture 
related rather than use-related such as fragments of hafting materials can also remain on artefacts. 
The place of spears within the social, historical and economic contexts of Aboriginal societies from 
which they originated is essential as it provides a broader set of environments in which the 
implements may have been and/or used in the past, leading to plausible explanations for the 
presence or lack of residues detected on each spear. 
This background provides an accurate as possible depiction of spear uses within the specific study 
areas. The amount of relevant ethnographic literature, including illustrations, for each area varies 
greatly and, as previously noted, some of the spears’ origins are ill-defined. To complicate the latter 
issue further, many Aboriginal implements were traded over considerable distances (see Bates 
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1930; Spencer and Gillen 1904:633) so places of origin recorded in museum documentation may 
actually refer to places of acquisition rather than where the spears were made. 
Where possible, the current spelling of the words for spears from the Lardil Dictionary 
(Ngakulmungan Kangka Leman 1997), A Grammar of Kayardild (Evans 1995) and the Dictionary 
and Source Book of the Wik-Mungkan Language (Kilham et al. 1989) is provided directly after 
cited indigenous words. The dictionary-sourced terms are used in subsequent text. Information 
regarding the Wik people retrieved from Donald F. Thomson’s fieldnotes in the Donald Thomson 
Collection has been reproduced with the permission of the Thomson family and Museum Victoria. 
The background to spear use by the Lardil and Kaiadilt peoples of the Wellesley Islands is 
presented first followed by that of mainland Aboriginal peoples.  
The Wellesley Islands Peoples 
Social and Historical Context 
Mornington Island or Gununa, the largest of the 15 islands comprising the Wellesley group (Figure 
3.1) in the southern Gulf of Carpentaria, is home to the Lardil people. The islands to the southwest, 
linking Mornington Island with the mainland, are home to the Yangkaal people; together they 
constitute the North Wellesley Islands (Memmott et al. 2006:29-30). Prior to mission establishment, 
timber rafts (Figure 3.2 and Figure 3.3) were used for travel between these islands and the mainland 
with the deepwater crossings being no more than 3.5km wide (Memmott et al. 2006:30, 2008:47). 
Called walpa in Lardil and walbu in Yangkaal, the rafts consisted of buoyant logs tied together with 
rope made from Hibiscus tiliaceus (hibiscus) (Memmott 1979:111; Memmott et al. 2006:29). The 
double outrigger canoe was introduced by the first missionary on Mornington Island and gradually 
replaced the walpa (Memmott 2010:91; Tindale 1960:29).  
Bentinck Island is the largest of the islands that comprise the South Wellesley Islands. These 
islands are home to the Kaiadilt people. The 10.5km gap of open sea between the South Wellesley 
Islands and the mainland meant walbu voyages were far more challenging and hence, not often 
undertaken (Memmott et al. 2006:31, 2008:47; Tindale 1977:269). Allen Island is jointly owned by 
the Ganggalida (or Yukulta), the Yangkaal and the Kaiadilt peoples (Memmott et al. 2006:31). All 
three groups as well as the Lardil people speak closely related languages, constituting the Tangkic 
language group (Memmott 2007:54; Robins et al. 1998:82). The Lardil and Yangkaal men also had 
the secret language Damin that could only be spoken by those men who had undergone advanced 
stages of initiation (Memmott et al. 2006:36; Memmott and Horsman 1991:125; Tindale 1963:101). 
 
 
37 
  
 
Figure 3.1. The Wellesley Islands and adjacent mainland (Map from Memmott 
et al. 2008). 
 
In 1914, the Presbyterian Church founded Mornington Mission on the southwest end of Mornington 
Island at which the Lardil people soon began to congregate. The mission was closed in 1978 
(Memmott 1983:33; Memmott et al. 2008:49). According to Tindale (1961-1964:270), the Kaiadilt 
people were evacuated from Bentinck, Sweers and Allen Islands to Mornington Island between 
1947 and 1948 following three years of reduced rainfall, poor fishing, scarce vegetable foods, and 
finally a tidal surge that salted many soaks and waterholes (Tindale 1961-1964:270, 299-300). 
Kaiadilt and their descendants, Lardil, Yangkaal, and Ganggalida and other mainland peoples form 
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the current population of Mornington Island (Memmott and Horsman 1991:11; Memmott et al. 
2008:49).  
 
 
 
Figure 3.2. Wellesley Islands raft 
(Photograph: Roth 1901 in Memmott 
2010:43). 
 Figure 3.3. Paddling a Wellesley Islands raft 
(Photograph: Bleakley 1917 in Memmott 
2010:43). 
 
There appears to have been little contact between the people of the Wellesley Islands and the 
European explorers and Southeast Asian fishermen known to have been in the Gulf area. The Dutch 
explorer Abel Tasman sighted Mornington Island in 1644, mistaking the island as a peninsula of the 
Australian mainland. Tamarinds, supposedly planted by Dutch navigators, have been noted on 
Fowler Island in the South Wellesley Islands (Boyd 1896:57; Tindale 1962:265). In the 1700s, 
Macassan trepang fishermen from the South Celebes sailed in their praus to the southern Gulf but 
there was little, if any, contact with islanders (Memmott and Horsman 1991:45, 46). Matthew 
Flinders circumnavigated the Wellesley Islands in 1802, naming many of them, but, although 
people were often sighted, contact was limited to one meeting with six Kaiadilt people on 
Horseshoe Island (Memmott and Horsman 1991:46; Tindale 1961-1964:298). Nineteenth century 
British explorers also reported the timidity of the Wellesley Island peoples (Memmott and Horsman 
1991:48), as did Walter Roth, then Northern Protector of Aborigines, when he visited Bentinck 
Island in 1901 (Roth 1901) and 1903 (Roth 1903:1). Hence, as noted by Memmot et al. (2008:49) 
most of the ethnographic information relating to the Lardil and the Kaiadilt has been reliant on 
elders’ memories of early and pre-mission days.  
Rather than the islanders adopting any elements of material culture from Macassan or early Dutch 
visitors, Memmott and Horsman (1991:35) surmise that cultural adoption occurred with the Lardil 
trading with the Yangkaal on Mornington Island who in turn traded with the Ganggalida on the 
mainland. The Ganggalida had access to the major trade route crossing the southern Gulf area. In 
this manner, the Lardil traded locally available and produced items such as fish nets, baler shells, 
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ochres and wooden pronged spears in exchange for stone spearheads and axeheads, emu feathers for 
body adornment and wooden coolamons from the mainland (Memmott and Horsman 1991:35-36, 
46; Roth 1903:9). Tindale (1960:60-61) notes that the stone spearheads were wrapped in melaleuca 
bark and that boomerangs and Lardil women were traded for these particular items. The butts of the 
stone spearheads were retouched to slot into a shaft and secured with wax and string made from 
kalnga (Tindale 1960:60-61), the grass Digitaria papposa (Memmott 1979:112). Well before the 
mission period, pieces of glass, steel, iron and cloth such as canvas were available through this 
exchange system (Memmott 2007:56). As well as material culture and technology, religious or cult 
items, religious knowledge and rites, and social mores were also exchanged (Memmott et al. 
2006:41) as they were throughout many of the other trade routes in Australia (see also Graham and 
Thorley 1996:75; Micha 1970; Mulvaney 1976 and Paton 1994). 
The Lardil People 
Economy 
Typical of the Wellesley Islands, Mornington Island is a low-lying, semi arid land mass (seven to 
27km wide and 65km long), experiencing a hot wet season with maximum temperatures between 
29°-35°, and a cooler dry season with maximum temperatures between 15°-21° (Memmott et al. 
2006:30, 31; Robins et al. 1998:76). Before the establishment of the mission, Lardil people moved 
round Mornington Island to gather and hunt mostly marine resources, and for social and economic 
reasons such as trade. This widespread movement occurred despite divided areas of coast or 
“countries”, the resources of which were presided over by patriclan leaders or tulmata (Memmott 
1979:107; 1983:36-40; 2007:54). Although women gathered the majority of food, working in small 
groups during the day, food gathering was the responsibility of both sexes. Fishing and hunting for 
turtles and dugongs were male activities, often undertaken at night with the aid of torches or meka 
(large sheets of melaleuca bark bound with the vine Vigna marina) (Memmott 1979:108, 112; 
Memmott and Horsman 1991:113). Women also caught fish using fishing lines made of grass string 
with hooks made from either splinters of kurrburu, Acacia alleniana trees or nails removed from 
driftwood (Memmott 1979:112). 
As recalled by Elsie Roughsey (cited in Memmott and Horsman 1991:24), the seasons were 
sometimes recognised by special events such as the birth of a child. However, they were mostly 
recognised by the availability of different foods at certain times of the year, whether from the 
“inside country”, the grasslands and eucalypt woodlands, or the “outside country”, the coast with its 
sand ridges, mangroves, tidal flats and cliffs (Memmott 1979:108; 1983:33-34; Memmott et al. 
2006:31). In summary, the Lardil seasonal cycle was as follows: 
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• During the hot, humid, monsoonal and cyclonic period from January to March, there was 
reduced access to all parts of the island due to occasional flooding and inundated saltpans. 
Abundant fruits, nuts and seeds were gathered in addition to wild bee honey, lizards and 
frogs. Fish and prawns were caught in the rivers and turtles and wallabies were speared or 
hunted with the aid of dingoes (Memmott and Horsman 1991:24). Smaller fish were 
caught with nets while larger fish and mud crabs were speared (Memmott and Horsman 
1991:24, 109, 111). Large wet weather shelters or mosquito camps were constructed on 
high sand ridges. In the April heat when the rain decreased and the wind was variable, the 
wet weather camps were pulled down and changed to shade shelters (Memmott and 
Horsman 1991:24); 
• In some camps wells were dug when running waters ceased during the dry and cool 
season from May to August. People moved inland to camps that were sheltered from the 
cool morning winds and also used windbreaks on the beach. Waterlilies, roots and tubers 
were harvested (Memmott and Horsman 1991:25). Wallaby, turtle and fish procurement 
continued but this was the time for hunting dugong that fed on the sea-grass beds in the 
shallow waters to the southeast of the island. Dugong are readily located during daylight 
as they disturb the sediments in the normally clear waters and, during the night, their soft 
whistles mark their locations. Rather than spearing a dugong during strong onshore winds, 
Lardil men would paddle out and, shouting loudly, drive the mammal into a strong net or 
parkuwan (Memmott 1979:112; Memmott and Horsman 1991:25); 
• In the dry warmth of September and October, wells were dug at coastal camps and dugong 
camps were made at the headwaters of the Gabanyari and Dugong rivers. Pandanus nuts, 
wild fig and wild potatoes were gathered. Swamp turtles were hunted and fishing 
continued, especially netting during the dulnhu runs (schools of fish that run in 
September) (Memmott and Horsman 1991:25, 110-111); and 
• Increasing storm activity, high humidity and heat mark the months of November and 
December. People moved to be near wells and rock holes and camped in shady structures 
mostly along the coast. Waterlilies, wild grapes, wild bee honey, frogs and snakes were 
procured and people speared sharks and stingrays (Memmott and Horsman 1991:25). 
Sources of additional meat were fruit bats and birds. Pigeons, plains turkeys, corella, ducks, brolga, 
cranes and sea eagles were among the birds hunted with boomerangs (Memmott 1979:109). Bird 
feathers were also used for body adornment and the manufacture of dance tassels (Memmott and 
Horsman 1991:102). The taller mangrove fruit trees called marrin were home to two species of bats 
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that, while sleeping, were hunted with throwing sticks and boomerangs (Memmott 1979:110; Dick 
Roughsie cited in Memmott and Horsman 1991:111). 
 Over the centuries and into the contact period, the inhabitants of the South and North Wellesley 
Islands erected and used rock-walled fish traps, derndernin, from locally eroded ironstone 
(Memmott and Horsman 1991:102; Memmott et al. 2008:49, 52). The low-walled traps, generally 
rectangular or semi-circular in shape, were either singular or linked sets of enclosures that extended 
into the sea approximately 270m (Memmott and Horsman 1991:102; Roth 1901, 1984 [1901]b:23). 
Oyster colonies gradually cemented the large rocks together. At higher tides, fish, turtles, dugongs, 
crabs and shellfish entered the traps and, as the tide lowered, they became stranded and easily 
procured (Memmott and Horsman 1991:103; Memmott et al. 2008:49, 52, 56). Lardil men would 
spear the fish with pronged spears when the water shallowed and both men and women gathered 
fish when the water had almost completely drained away. Melaleuca bark containers, jumurr, were 
used to carry such catches ashore. Alternatively, the Lardil used small hand-nets, mijil, made of 
kalnga string to transport the fish. They also used strong nets made of rope from hibiscus trees to 
trap dugong (Memmott 1979:112; Memmott et al. 2008:56, 100, 109). According to Memmott and 
Horsman (1991:113), the rock-walled fish traps were maintained by women. Another form of fish 
trap made by the Lardil and used across creeks was made of vertical stakes covered with grass (see 
also Figure 3.4). A mild poison or tjurka was used to stun the fish that could then be easily gathered 
rather than speared (Memmott 1979:109; Memmott and Horsman 1991:100). 
 Figure 3.4. Making a fish trap with vegetation (Photograph: F. McCarthy in Rowland and Ulm 2011:33). 
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The Lardil utilised pigments as well. Red and white ochre, called nguyinen and kayal respectively, 
were obtained from the tidal flats and used for body decoration (Memmott 1979:109; Memmott and 
Horsman 1991:102). 
Spears and Their Uses 
In 1903, Roth (1903:8) sighted only two spear types during his visit to Mornington Island, a 
denticulate fishing spear and one to hunt kangaroos that had a single barb spliced and lashed to the 
shaft with string. However, according to Memmott (1979), by the 1970s, Lardil men had several 
types of spears (Figure 3.5), the fighting varieties being used in conjunction with a shield. The 
maruutjan or lematuil (Memmott 1979:110) or lemirdiwur (Ngakulmungan Kangka Leman 
1997:185) were fighting spear types and had flat hardwood denticulate heads (Memmott 2010:47). 
A miya or miyar (Ngakulmungan Kangka Leman 1997:213) was used for hunting (Memmott 
1979:110) and also fighting (Memmott 2010:47), and a kurrampu or kurrumbu (Ngakulmungan 
Kangka Leman 1997:173) used for fishing (Memmott 1979:110, 2010:7). In addition to 
boomerangs and fighting sticks, fighting spears were used in “square-up” fights, duels between two 
men or battles between different groups. The “square-up” was often a method of punishing a man 
who had broken the Law, for example by committing murder or adultery or stealing food 
(Memmott 1979:130; Memmott and Horsman 1991:131-132). Another type of “square-up” 
occurred when gifts, including spears, shields and boomerangs, were given by fathers-in-law to 
initiates whom they had circumcised (Dick Roughsey cited in Memmott 1979:130). Tindale 
(1963:97) notes these gifts were actually intended for the initiate’s father and brothers. 
 
Figure 3.5. Lardil spears: (a) The denticulate lemirdiwur; (b) the acicular miyar; and (c) the pronged 
kurrumbu (Image from Memmott 2010:47). 
 
The miyar was a long two-piece spear with a rounded acicular head that was used for hunting 
animals such as wallabies and turtles (Memmott 1979:110). A specialised miyar, called a lekirdin, 
was incised to a depth of one to two millimetres around the wooden spearhead so that it would 
break off in the opponent’s body during fighting (Memmott 2010:47; Ngakulmungan Kangka 
Leman 1997:183). A miyar was further defined according to its length and size. Those that were 
shorter were called miyabalbal; average length implements were called miyakatjaka; and the small 
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ones were called palpal. Warki or warrki (Ngakulmungan Kangka Leman 1997:274) were the 
largest hunting weapons of this class, especially made for dugong hunting (Memmott 1979:110). 
According to the Lardil Dictionary (Ngakulmungan Kangka Leman 1997:192, 213), the words 
miyar or maarn are now both used when generally referring to spears.  
The kurrumbu had a lightweight shaft with three or four prongs crafted from hardwood (Memmott 
1979:110). Fishing from spits and sandbars, the Lardil used these spears to hunt large fish such as 
sharks and barracuda (Memmott and Horsman 1991:109). Kurrumbu were also thrown into the sea 
by male initiates during the mandatory post ceremonial seclusion when they were bestowed 
“command of the sea as hunters” (Memmott and Horsman 1991:162, 174). Roth (1984 [1909]:191-
2) also describes a Wellesley Islands denticulate three-pronged spear with the teeth carved out of 
the solid and facing inward. This weapon had a two-piece shaft with a concave indentation cut out 
of the butt to fit the “hook” or “peg” of a spearthrower (Roth 1984 [1909]:191). Whether such a 
spear was made and used by the Lardil people is unknown. 
Spears also featured in Lardil dance. Memmott (1979:133) relates that dancers, including men and 
women (who played a secondary role), were led by a song man with the support of a few male 
singers. The Lardil people dreamt their dance songs and actions and often dreamt of the artefacts, 
including their symbolic meaning, to be used during performances. While many artefacts used in 
dances, such as poles decorated with leaves and feathers, were unique, spears were among the 
everyday hunting tools that were also dreamt of and used in dances (Memmott 1979:133). For 
example, Tindale (1960:74) records a Lardil fishing song that included both spearing and netting of 
fish and the wish for a large catch. Bodies were decorated for dances with white and a mixture of 
red pigment and blood, and feather adorned waist belts and tassels (Memmott 1979:133; Memmott 
and Horsman 1991:153; see also Woolston 1973:100).  
The Lardil spearthrower, a murraku (Figure 3.6), often made from kirrim, Wrightia saligna 
(Memmott 1979:110; Memmott and Horsman 1991:96, 97), was a round stick, approximately 75cm 
in length, with the “peg” for spear attachment being a part of the carved wider and flattened distal 
end (Roth 1984 [1909]:200). All spears were propelled with a murraku (Memmott 2010:47). 
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Figure 3.6. The Lardil spearthrower or murraku (Image from 
Memmott 2010). 
 
Spear Manufacture 
Lardil spear shafts were fashioned from the branches of Thespesia populnea and the spearheads 
from kurrburru trees (Memmott 1979:108, 128; Memmott and Horsman 1991:91, 96). Woolston 
(1973:100, 101) also notes Acacia alleniana, recorded as being called gorbooroo, being used to 
make spearheads. Families stayed in working camps set up in areas where there were thick stands of 
kurrburru to collect the wood and make spearheads, fighting sticks, boomerangs and food pounders 
(Memmott 1979:128; Memmott and Horsman 1991:92, 96). According to Memmott (2010:80), A. 
alleniana branches were cut from trees using imported stone axes or broken off by hand. Unwanted 
wood was removed by first bruising the surface of the wood with a stone hammer. The loosened 
fibres were then charred before scraping them off and trimming the surface with a baler shell knife 
or danaka (Memmott and Horsman 1991:103), the edge of the bivalve Cyrena jukesii (Roth 1984 
[1904]:22), or possibly a silcrete scraper (Memmott 2010:80). The wood was wetted to make 
scraping easier (Memmott 2010:80). T. populnea grew along the beach, and long and relatively 
straight branches were broken off for shaft manufacture (Memmott 1979:128). Men charred the 
shafts over a fire and the surface was scraped and trimmed with the same tools as those used on the 
spearhead. Shafts were straightened by heating them over fire and then bending the wood with 
outstretched hands while holding the middle of the shafts with teeth (Memmott 2010:81). 
Alternatively, the shafts could be straightened by applying pressure with the feet (Elsie Roughsie 
cited in Memmott and Horsman 1991:96). The shaft and head were joined by splicing (Roth 1984 
[1904]:9) with two adjoining pieces being cut into a wedge shape, placed side by side and then 
bound (Best 2003:77). Although Roth (1984 [1904]:14) claims resinous cement was not utilised by 
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the Lardil people, according to Memmott (1991:96, 100), bloodwood gum or melted beeswax and 
kalnga string were used to bind the spliced shafts and head. Wooden implements were often rubbed 
with red ochre for decoration (Memmott 2010:81). By the beginning of the twentieth century, 
Lardil woodworking tools included hafted pieces of scrap iron such as ground-down rasps or pieces 
of barrel hoop that were wedged into the split end of a wooden handle some 25cm long to form a 
scraper (Roth 1903:8, 1984 [1904]:22).  
Spear Storage 
Spears, especially new ones, were stored with tips in the sand at coastal camps to keep the wood 
moist and prevent drying and splitting, or alternatively kept on top of shelters (Memmott 1979:120, 
129; Memmott and Horsman 1991:105) or rested against trees (Memmott 1979:120). Damaged 
spears were discarded or, where possible, mended with wax, gum and/or string (Memmott and 
Horsman 1991:105).  
Summary of Lardil Spears and Their Uses 
Table 3.1 summarises Lardil spears, including the subcategories of implements with acicular heads, 
their morphology and their various uses. As noted above, acicular miyars were further defined by 
differences in their length. 
Table 3.1. Lardil spears, their morphology and recorded uses. 
Spearhead 
Type 
Lardil Name Morphological Attributes Recorded Uses 
Denticulate  Lemirdiwur1  Hard flat head of Acacia alleniana 
with teeth along one or both edges2, 
3, 4, 5, 6  
Fighting between men 4, 5, 6  
Fishing7 
Featured in dance8 
Used with Spearthrower4  
Acicular Miyar2  Long two-piece spear with rounded 
acicular head of A. alleniana  
Shorter length miyar called a 
miyabalbal, average length called a 
miyakatjaka, small called a palpal2 
Hunting animals such as 
wallabies, dugong and turtles2, 3 
Fighting4  
Featured in dance8 
Used with Spearthrower4 
Lekirdin4, 9 Specialised miyar with 1 to 2mm 
incision round spearhead3 
Fighting3, 8  
Featured in dance8 
Used with Spearthrower3 
Warrki10 Largest miyar1 Dugong hunting1, 10 
Featured in dance8 
Used with Spearthrower4  
Pronged Kurrumbu11 Three- or four- pronged spear 
Prongs of A. alleniana2, 3 
Fishing for larger species such as 
sharks and barracuda, collecting 
crabs2, 3 
Fishing11  
Featured in dance8 
Used with Spearthrower4 
Numerical Key to References 
Memmott 1979: 6108, 2110, 8133; 2010:447, 5107; Memmott and Horsman 1991: 396; Ngakulmungan Kangka 
Leman 1997: 11173, 9183, 1185, 10274; Roth 1903:78. 
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The Kaiadilt People 
Economy  
According to Tindale (1960:140, 1977:247), prior to their evacuation to Mornington Island, the 
Kaiadilt people comprised eight territorial groups called dolnoro, each under the leadership of a 
dolnorodangka (Tindale 1977:257). There were no wallabies or dingoes observed on the South 
Wellesley Islands (Roth 1901; Tindale 1960:37) and the major resources they exploited were 
marine, including dugong, turtle, fish, crabs, shellfish and oysters (Memmott et al. 2006:36; Tindale 
1977:247). Shellfish were often gathered at low tide at night (Tindale 1977:247) by women with the 
aid of a bark torch (Tindale 1977:260) or maka (Evans 1995:722) while at higher tides the men 
speared fish and dugong in rock-walled fish traps (refer to Figure 3.7) (Tindale 1977:247) or 
ngurruwarr (Memmott et al. 2008:52). Men fished at night with the aid of torches (Roth 1901). 
Catches of salmon were strung and then hung on spears for transportation (Tindale 1960:103). The 
Kaiadilt also travelled by raft to fish the reefs east and northwest of Bentinck Island (Tindale 
1960:106, 107). 
 Figure 3.7. Rock-walled fish trap, Bentinck Island (Photograph: Richard Robins in 
Rowland and Ulm 2011:15). 
 
The Kaiadilt did not manufacture or use large dugong or fishing nets (Memmott et al. 2006:37). 
However, small oval-framed fishing nets were used (Roth 1901, 1984 [1901]b:22). Roth (1984 
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[1901]b:30) was informed they built alleyways fenced with bushes in the shallow waters and drove 
dugong into them. According to Tindale (1977:247), the men utilised bundles of grass and beach 
vine to trap estuarine and small fish in the shallows, and gather mullet and small fish poisoned with 
an extract scraped from the mangrove tree tjuruka by the women (Tindale 1960:47, 83; see also 
Woolston 1973:99).  
The Kaiadilt hunted goannas and snakes throughout the year and gathered pandanus fruit, wild figs, 
wild tomatoes and mangrove fruit in addition to marine resources (Evans 1995:17). During his first 
visit to Bentinck Island, Roth (1901) found evidence of red and white pigment use, observing bark 
containers containing pigment nodules and he saw both colours decorating the foreheads of two 
Kaiadilt women.  
Other resources available to the Kaiadilt were birds, including quail, pigeons, cockatoos, pheasants 
and doves (Stokes 1846:330), species also observed in 1960 by Tindale (1962:264). However, if the 
Kaiadilt procured birds, the method they used is not clearly evident in the literary sources. As well 
as observing spears and nets during his first visit to Bentinck Island, Roth (1901) also saw sticks, 
approximately 30cm long and pointed at both ends, many of which were in bark containers near 
piles of plant roots. From the presence of plant fibres and polish on the sticks, he surmised they 
were a type of digging and root processing implement that may have also been used to hunt birds, 
lizards or rodents. He also found a broken boomerang on the beach but did not record sighting 
anymore of these implements on this trip (Roth 1901). On a visit to Sweers Island in 1960, one of 
Tindale’s Kaiadilt companions “picked up the remains of a wooden boomerang, a weapon which 
they knew” (Tindale 1960:101-102, 1977), implying that the Kaiadilt were possibly only aware of 
boomerangs but did not manufacture them.  
Spears and Their Uses 
Kaiadilt spears included mangrove-shafted hand spears (not propelled with a spearthrower) with 
two or three denticulate prongs secured with fibre twine to grooves cut in the thicker end of the 
shaft (Roth 1901). The two-pronged spears are now termed bilirri or birnkilda (Evans 1995:652). 
Kaiadilt men used spearthrowers to propel their other three types of spears. A karrumpa or kurumbu 
(Evans 1995:718), the three-pronged spear was used to spear large fish. Kurumbu prongs were 
denticulate on one edge and were approximately 25mm wide and up to a half metre in length (P. 
Memmott, UQ, unpublished manuscript, 1979). The murratj or mawurraji (Evans 1995:731), a 
turtle and dugong-hunting weapon, had a spearhead that was approximately 25mm wide, up to a 
metre long with one denticulate edge (P. Memmott, UQ, unpublished manuscript, 1979). Mawurraji 
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were also used for fighting. The three-piece kutjitji or kujiji (Evans 1995:710), also with a 
denticulate head, was also used to hunt dugong and turtles. This spear, with its two differently sized 
shaft pieces, tended to float vertically after piercing an animal under water. The Kaiadilt, aboard 
their rafts, followed such wounded animals until they tired and could be caught (P. Memmott, UQ, 
unpublished manuscript, 1979). Although Tindale (1977:249) states that the heavier turtle and 
dugong spears were made of hibiscus wood, according to Paul Memmott (UQ, unpublished 
manuscript, 1979), wanapalat, Acacia leptocarpa was used to make Kaiadilt spearheads while only 
the shafts were made from branches of hibiscus.  
There are marked differences in the origins and performances of Kaiadilt songs and dances when 
compared with those of the Lardil people. For example, although they featured in their myths and 
songs, Kaiadilt people did not carry spears during dance performances (P. Memmott, UQ, 
unpublished manuscript, 1982:22-23). Unlike the dreaming songs of the Lardil (Memmott 
1979:133), Kaiadilt songs related past events. For example, Tindale (1960:44) records that the 
denticulate mawurraji featured in a song about a formalised fight between the Eastern and Western 
people during which spears and spearthrowers were used on a saltpan.  
The Bentinck Islanders’ spearthrower, called a moroko (Tindale 1963:147), was made from a single 
piece of dawarlda, the Kayardild term for either Clerodendrum tomentosum or Clerodendrum 
floribundum (Evans 1995:674, 742). This implement was made in the same fashion as the Lardil 
murraku (refer to Figure 3.6) with the hook being part of the curved slender end (Roth 1901, 1984 
[1909]:200). 
Spear Manufacture 
Kaiadilt people produced spears with larger spearheads and longer prongs than the Lardil people 
and their denticulate spears had more carved teeth (Memmott et al. 2006:37). On his trip to 
Bentinck Island in 1963, Tindale records that shafts for spears or omboronk (Tindale 1963:115) 
were collected from the laruko (hibiscus) tree (Tindale 1963:126). The bark was removed with the 
teeth and the shaft straightened either with the teeth or by “using the top of the head as the fulcrum 
and pulling down with outstretched arms” (Tindale 1963:115, 194). Kaiadilt men used a bifacial 
hand axe, tjilangand, mainly during raft production, although it was also used to chop hardwood for 
weapons (Tindale 1977:260). Other cutting tools included hand held shell knives called nara 
(Figure 3.8) and half cockleshell or clam (Tindale 1977:262). According to Tindale (1977:262), the 
unaltered half clam (Polymesoda (Geloina) erosa), called a tubalt, was collected from mangrove 
swamps and used by women for domestic purposes. Evans (1995), however, defines this tool as a 
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traditional scraper. Roth notes the same species was used as a scraper or knife (Roth 1901) to cut 
bark (Roth 1984 [1904]:22). The nara, shaped by biting, is a piece of baler shell (Melo amphora) 
(Evans 1995:744; Tindale 1977:262; see also Roth 1984 [1904]:21). Tindale (1977:265) writes that 
during scraping and cutting, Kaiadilt men worked the tjilangand and nara by pushing the tool away 
from their bodies which was the opposite direction taken by mainland Aboriginal groups. 
According to Roth (1984 [1904]:9), shafts were joined by splicing as cements such as resin or gum 
were not utilised by the Kaiadilt people (Roth 1984 [1904]:14). The three-pronged kurumbu shaft 
was decorated with regularly spaced rings produced by charring as well as patches of red pigment 
(Roth 1901). 
 
Figure 3.8. Nara, shell scraper (Tindale 1963:220, 
courtesy Museum of South Australia). 
 
Summary of Kaiadilt Spears and Their Uses 
Kaiadilt spears, including the subcategories of denticulate and pronged types, their morphology and 
their various uses are summarised in Table 3.2.  
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Table 3.2. Kaiadilt spears, their morphology and recorded uses. 
Spearhead 
Type 
Kaiadilt Name Morphological Attributes Recorded Uses 
Denticulate Mawurraji1 Spearhead, up to 25mm wide and a 
metre long, with carved teeth along one 
edge2  
Single-piece shaft1 
Fighting and hunting turtles 
and dugong 
Used with spearthrower2 
Kujiji3 Denticulate spearhead with two 
differently sized shaft pieces2 
Dugong and turtle hunting2 
Used with spearthrower2 
Pronged Bilirri or birnkilda4 Two denticulate prongs spliced and 
bound with fibre twine to mangrove 
shaft5 
Unknown 
Not used with spearthrower5 
Kurumbu6 Three-pronged spear with teeth carved 
on one edge of each prong; prongs up 
to 50cm long2 
Shaft decorated with regularly spaced 
charred rings and patches of red 
pigment5 
Fishing for large fish species 
Used with spearthrower2 
Numerical Key to References 
Evans 1995: 4652, 3710, 6718, 1731; 2P. Memmott, UQ, unpublished manuscript, 1979; 5Roth 1901. 
 
Gulf Mainland Peoples 
The documented origin of the Gulf mainland spears in the sample is vague and problematic. 
Artefacts 1500 (QE-4708-0) and 1600 (QE-4731-0) are documented as originating from somewhere 
“near Burketown” (refer to Table 2.1), indicating they may have been obtained in Mingin country 
according to Horton’s (2000) map (refer to Figure 2.3). Artefacts 1300 (QE-53-2) and 1400 (QE-
53-3) are recorded as originating from Turn Off Lagoon near Burketown (refer to Table 2.1). Turn 
Off Lagoon was a Native Police depot on the Nicholson River that follows the southern edge of 
Ganggalida country as mapped by Horton (2000). However, Prof. David Trigger (UQ, pers. comm., 
2009) suggests that the Waanyi people were the predominant inhabitants of this area. “Near 
Burketown” could be anywhere within Mingin or Waanyi countries but could also be from 
somewhere in Ganggalida country or even countries along the Leichhardt River (refer to Figure 
3.1). The spear originating from the NW Qld/NT border, #1900 (QE-4685-0) (refer to Table 2.1), 
may have come from Garawa, Waanyi country, or Yanyuwa territory further north along the Gulf 
coast (Horton 2000). Attempting to determine the origin of these particular spears is further 
complicated by the increased movement of Aboriginal peoples in the southern Gulf area at the turn 
of the twentieth century caused by the colonial invasion (Trigger 1992). 
The quartzite spearheads of #1300 (QE-53-2) from Turn Off Lagoon and #1900 may have been 
traded items that were later hafted for use as spears. The spearheads may have originated from the 
ranges north of Lawn Hill near the Northern Territory border (Roth 1984 [1904]:18) in Waanyi 
country, from Garawa country (Trigger 1987:78) or further west in the Northern Territory 
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(Davidson 1934:151-152) from quarries such as Ngilipitji in Yolngu country (Thomson 1949 cited 
in Jones and White 1988:54) or those in Jingili country or Renner Springs in Warramunga country 
(Allen 1997:359; Spencer 1928:503; Spencer and Gillen 1968 [1899]:575, 1969 [1904]:641). It is 
also probable that some Aboriginal people transported such entire quartzite-headed spears during 
the forced migration noted below.  
Social and Historical Context 
Spencer (1928:568; see also Spencer and Gillen 1969 [1904]:680) notes seasonal contact between 
Macassan trepangers and the Garawa and Yanyuwa peoples, and that the latter peoples traded 
bêche-de-mer and tortoise shell for dug-out canoes. Towards the end of the nineteenth century, the 
Waanyi, Garawa and Yanyuwa peoples moved from their lands in the Northern Territory generally 
eastward to cluster at Turn Off Lagoon, the fringes of Burketown or cattle stations in the southern 
Gulf area (Figure 3.9) (Trigger 1992:26). Citing Roth, the Queensland Government Northern 
Protector of Aborigines, Trigger (1992:27, 29) notes that a major reason for this exodus was the 
loss of Aboriginal access to water sources and associated bush resources as colonial cattlemen 
stocked large tracts of country, not just their leased estates, according to the carrying capacity of the 
waterholes. Aboriginal people were literally hunted away from all such stocked land (Trigger 
1992:29). As Tommy George (1984) from Doomadgee Mission explained: “well all bin mix up, 
Waanyi bin come down, Garawa, Yanyula [sic] bin all come down meet him [Ganggalida].”  
The ethnographic information from the turn of the twentieth century pertaining to the material 
culture of Ganggalida, Waanyi, Garawa and Mingin peoples to the west of the Leichardt River 
(refer to Figure 3.1) is indeed meagre. However, along with kinship and social organisation, Trigger 
(1987) compares museum-housed samples of the material culture of the Wellesley Islands, inland, 
and coastal Mingin and Ganggalida peoples, concluding that the inland traditions differed to those 
of the coastal mainland and island peoples, but that none of the coastal or island areas emerged as 
“completely distinctive” (Trigger 1987:69). Another similarity between the coastal and island 
peoples that has emerged since Trigger’s (1987) research, is that the Mingin language has been 
found to also be related to the other proto Tangkic languages mentioned above (Evans 1995:9) 
whereas the neighbouring inland Garawa and Waanyi languages are not.  
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 Figure 3.9. Eastward movement of Aboriginal people (Portion of map by W. E. Roth 1901 cited in 
Trigger 1992:28). 
 
Pickering (1992:12) writes that Garawa people utilised their country on a seasonal basis, usually 
remaining within a day’s walk from a reliable water source. The coastal Ganggalida or “saltwater 
people” utilised areas or estates of “saltwater country” along the coast and, mainly during the dry 
season, moved inland to fresh water holes to obtain resources such as water lilies (Trigger 1987:73). 
Avoiding the mosquitoes prevalent during the wet season, people also moved from inland to the 
coast during the dry season (Trigger 1987:73) and, as noted above, there was movement from the 
coast to the adjacent Wellesley Islands (Trigger 1987:75) for trade and other social activities. Such 
social interconnectedness and mutually intelligible languages are, according to Trigger (1987), 
mirrored in the similar morphology of wooden spears the Ganggalida and the Wellesley Islanders 
possessed, their manufacture, and the uses to which they were put. 
Stone-headed Spears and Their Uses 
According to Roth’s (1984 [1904]:18) Aboriginal informants in the early twentieth century, stone 
spearheads of quartzite or andesite were manufactured in the same manner as stone knives, the main 
difference being their length and thickness. Apart from this statement, most of the information 
about their manufacture and use relates to stone spearheads from the Northern Territory and can be 
found in the writings of Baldwin Spencer and Frank Gillen. Commonly called a leilira, from the 
Arrernte word lalira (Spencer and Gillen 1968 [1899]:652), such an artefact is defined by 
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McCarthy (1967:35; see also Etheridge 1891:37) as “a long pointed blade triangular in section, or 
an elongate rectangular blade trapezoid in section.” When fitted with a grip, they were used as 
knives to cut body scars and butcher animals, weapons during fights and as instruments to perform 
circumcisions, subincisions and introcisions (McCarthy 1967:35; Spencer and Gillen 1969 
[1904]:654-655). Blades with considerable edge retouch that were hafted with porcupine-grass resin 
and considered suitable for scraping by Spencer and Gillen (1969 [1904]:647, 748) were used by 
Warramunga and Kaytej women. In addition to being used as knives and spearheads (Figure 3.10), 
they were also hafted to make fighting picks (Akerman 2007:23; Allen 1997:358; Spencer and 
Gillen 1969 [1904]:651-654). 
 Figure 3.10. Warrumunga spearhead of stone (Photograph: Spencer and Gillen 1969 [1904]:675). 
 
Allen (1997:370) notes the leilira spears had a ritual as well as secular use. Decorated leilira spears 
were used during ceremonies by the Jingili people and also transported with people during long 
distance visits (Spencer and Gillen 1969 [1904]:711). During ceremonies, spears are likely to have 
come in contact with body decoration and other materials. Spencer and Gillen (1969 [1904]:723) 
note the extensive use of down as body and totem symbol decoration during the Jingili and other 
northern Aboriginal peoples’ ceremonies, consisting of a mixture of bird down and dried flowers 
from a plant of the Genus Epaltes that were often ground together with red ochre or pipe-clay. The 
Warrumunga men, for example, threw spears and other weapons on the Wollunqua (mythical snake 
beast) mound that was decorated with such materials prior to the initiation ceremony parra 
(Spencer and Gillen 1969 [1904]:233). It is possible that the spears thrown included some with 
leilira heads. 
According to Akerman et al. (2002:21), “Blade-tipped spears depended on the shock value of their 
generally high mass, coupled with the massive haemorrhaging created by long cutting edges”. 
Yolngu informants in eastern Arnhem Land advised Jones (1988) that, in the past, leilira spears 
from Ngilipitji were used for hunting kangaroos and emus, for fighting, commonly in formal duels 
and group fights between men, and for the execution of women for sacrilegious and sexual crimes, 
some cases of which were only alleged. “Stones from certain quarries had high prestige and were 
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believed to be imbued with mystical properties which made them much sought after as parts of a 
fighting man’s armory” (Jones and White 1988:51; see also Jones 1983). According to Trigger 
(1987:77), stone spearheads were called babagana by Garawa and jimindi by Waanyi people. When 
hafted as spears, they and the Ganggalida peoples used them to hunt emus and kangaroos and other 
large animals (Trigger 1987:77). Their uses in Mingin and other neighbouring countries are 
unknown.  
Stone Spearhead Manufacture 
Spencer and Gillen (1969 [1904]:641-642) record the Warramunga knapping technique. A quartzite 
stone, approximately 20cm long and 15cm in diameter, with one end reasonably flat and the other 
tapering, was selected. One hand held the stone upright with its narrower end resting on the ground. 
A smaller quartzite hammerstone held in the other hand was used for knapping. Two blows were 
initially struck close together near the edges of the upper surface at the points marked x and y in 
Figure 3.11, each resulting in removal of a flake. If the two flakes extended down the face of the 
block and intersected, a third blow at point z resulted in the desired blade (Spencer and Gillen 1969 
[1904]:641-642). A more complicated process was demonstrated to Jones (1983) by Yolngu men in 
the early 1980s where several blades and points were manufactured from inside one large “adult” 
stone.  
Leilira usually exhibit more retouch along their margins than do similar blades used as men’s 
knives (Akerman 2007:23). Further retouching was undertaken on one or both lateral margins near 
the points of blades hafted as spears (Spencer and Gillen 1969 [1904]:643) to further sharpen the 
weapons for fighting (Warner 1931 cited in Akerman, 2007:23). In addition, the butt area around 
their striking platform was reduced for hafting purposes (Akerman 2007:23) often using a fixative 
such as native beeswax (Akerman 2007:29) or Triodia sp. resin (Roth 1984 [1904]:22) in the case 
of knives. Spencer and Gillen (1968 [1899]:575) reported that, in the Northern Territory, resin was 
used to attach the leilira to the spear shaft, over which was wound vegetable fibre string. The 
hafting was often covered or dotted with white kaolin. Strips of red ochre or yellow ochre with red 
dots were occasionally painted on the blade (Spencer and Gillen 1968 [1899]:575-576, 1969 
[1904]:710). Leilira were hafted to either single- or two-piece shafts of lightwood (Spencer and 
Gillen 1968 [1899]:576). A depression was cut into the butt end of the single-piece shaft for 
spearthrower attachment and the shaft was bound with tendon in three places to prevent splitting. 
The butt end of the two-piece shaft was made of hollow reed, into one end of which the solid shaft 
piece was inserted, cemented with resin and bound with tendon. Dry fibrous material was inserted 
into the open end of the undecorated reed while red ochre was used to decorate the solid shaft piece 
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(Spencer and Gillen 1968 [1899]:576). Occasionally, hair-string was wound over a little resin at the 
end of the reed to prevent slipping (Spencer and Gillen 1968 [1899]:576-577). Roth (1984 
[1909]:190), writing about Burketown and Queensland/Northern Territory border stone spears 
describes a different hafting method, noting that the blade was wedged into the split distal end of 
the shaft, bound with twine and then strengthened with resin.  
 Figure 3.11. Leilira blade manufacture (Image 
from Spencer and Gillen 1969 [1904]:642).  
 
Stone-headed Spear Storage 
Leilira blades were bundled in melaleuca bark for transport and bartering (Jones and White 
1988:52; Roth 1984 [1904]:18). In the Northern Territory, hafted blades not in use were protected 
in sheaths of melaleuca or acacia bark bound with plant or fur string (Spencer and Gillen 1969 
[1904]:650-651). In north Queensland, strips of melaleuca bark or string manufactured from the 
inner bark were commonly used for binding. Fur string in the western districts of Queensland was 
produced from possum hair (Roth 1984 [1901]b:8). Whether possum hair string was also used to 
secure sheaths protecting stone-headed spears on the Gulf mainland is unknown. 
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Other Gulf Spears and Their Uses 
As well as stone-headed spears, Ganggalida men manufactured and used pronged implements 
(Trigger 1987:77). These weapons, which usually consisted of a shaft with two or three prongs, 
were sometimes used for hunting animals such as goannas (Trigger 1987:77), although along with 
stone-walled traps, nets and poison (Trigger 1987:77-79), their main use was fishing (Trigger 
1987:77-78). A special spear, consisting of a lightwood shaft approximately the same length as its 
acicular hardwood head and called a miyalda by the Ganggalida people, was used to hunt sea turtle 
and dugong. The shaft and head were spliced and bound, but not sealed with gum (Trigger 
1987:78). Garawa and Waanyi people also used pronged spears for fishing (Trigger 1987:77). 
According to Tommy George (1984:4), Waanyi, Garawa and more recently Ganggalida men used 
denticulate spears for punishment or retribution. Both coastal and inland Gulf people also used them 
for fighting (Trigger 1987:78). Such spears might have teeth carved on both or one of the sides of 
the spearhead and were called ngarrgidigidi by the Garawa people (George 1984:4; Trigger 
1987:78). If the teeth faced both ways, only a sorcerer could extract the weapon. If the teeth all 
extended toward the butt, the spear could be pulled through the body (George 1984:4).  
The Ganggilida spearthrower, a murrugu (Trigger 1987:76), was crafted in the same manner as 
those of the Wellesley Islanders (refer to Figure 3.6) (Roth 1984 [1902]:15, 1984 [1909]:197, 200; 
Trigger 1987:76). Garawa and Waanyi men used two spearthrowers in addition to the murrugu, the 
ngaliga and the wujula. The ngaliga was a cylindrical length of wood with a wooden peg usually 
adhered with gum, and the wujula was flat with a notched handle and acutely angled peg attached at 
the distal end (Trigger 1987:77). 
Spear Manufacture 
Roth (1984 [1904]) provides a little information about spear manufacture among the southern Gulf 
of Carpentaria mainland peoples. Due to the paucity of stone along the coast, sharp pieces of 
Cyrena jukesii, Donax australis, or Mytilus sp. valve or the lips or the margin of whole valves of the 
same species were used as scrapers to sharpen spear points (Roth 1984 [1904]:21-22).  
Spear Storage 
George (1984:1) notes that Garawa people made and stored wooden artefacts that were not in use in 
caves, including spears, shafts, boomerangs and coolamons. The wooden artefacts were first 
protected from splitting by coating them with red ochre (George 1984:2) and then kept clean and 
away from termites by wrapping them in tea-tree bark (George 1984:1). 
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Summary of Gulf Mainland Spears and Their Uses 
Table 3.3 summarises the spears used by the Waanyi, Ganggalida and Garawa peoples of the Gulf 
mainland described above. The table indicates that only the Ganggalida people used implements 
with acicular heads, solely for hunting dugong and turtles. 
Table 3.3. Gulf mainland spears, their morphology and recorded uses. 
Spearhead 
Type 
Aboriginal Groups Indigenous Name Morphological Attributes Recorded Uses 
Stone  Waanyi, 
Ganggalida and 
Garawa1 
Stone spearhead - 
Babagana (Garawa) 
and 
Jimindi (Waanyi)1  
Long pointed or elongate 
rectangular blade2 
Blade wedged into the split 
distal shaft end, bound with 
twine, sealed with resin3 
Hunting large 
animals such as 
emus and 
kangaroos1 
Acicular (Ganggalida)4 Miyalda 
(Ganggalida)4 
Hardwood head of similar 
length to lightwood shaft, 
spliced and bound4 
Hunting sea turtle 
and dugong4 
Denticulate Waanyi, 
Ganggalida and 
Garawa4 
Ngarrgidigidi 
(Garawa)4,5 
(Waanyi)4 
Carved teeth along one or both 
sides of the spearhead4 
Waanyi, 
Ganggalida and 
Garawa –fighting4 
Garawa-
punishment and 
retribution5 
Pronged Waanyi, 
Ganggalida and 
Garawa1 
Unknown  Single-piece shaft with two or 
three prongs1  
Fishing, hunting 
animals such as 
goannas1 
Numerical Key to References 
George 1984:54; McCarthy 1967:235; Roth 1984 [1909]:3190; Trigger 1987:177, 478. 
 
The Yanyuwa People 
Most ethnographic descriptions about the Yanyuwa people’s spears are provided in the dictionary 
Yanyuwa Wuka: Language from Yanyuwa Country (Bradley et al. 1992a, 1992b, 1992c) and, with 
regard to harpoon use, Bradley’s (1997) study of the Yanyuwa people. While the spear descriptions 
and illustrations are more detailed than for the other Gulf peoples, it has not been possible to 
ascertain the full variety uses for all of the spear types.  
Social and Historical Context 
Bradley (1997) utilises the childhood memories of elders to clarify aspects of Yanyuwa life in the 
past. As “people of the sea”, Yanyuwa men traditionally specialised in harpooning sea turtle and 
dugong from canoes (Bradley 1997:12, 16), the favoured meat from these creatures sometimes 
being traded for wives with inland peoples such as the Garawa (Bradley 1997:282). 
Yanyuwa country in the southwest Gulf of Carpentaria in the Northern Territory encompasses the 
adjacent islands of the Sir Edward Pellew Group, and includes the township of Borroloola (Bradley 
1997:1). In 1802, Matthew Flinders recorded the presence of Macassans (Bradley 1997:65) and 
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Aborigines in the Pellew Islands (Bradley 1997:68). Interaction with, and work for the Macassan 
trepangers resulted in the Yanyuwa men trading for and eventually learning to manufacture dugout 
canoes during the late nineteenth and early twentieth century period (Bradley 1997:67, 293, 295; 
Bradley et al. 1992a:25; Spencer 1928:569; Spencer and Gillen 1912:483). These solid craft or a-
muwarda eventually replaced bark canoes and permitted full exploitation of the islands and 
coastline (Bradley 1997:295). The Macassans also provided the steel first used in Yanyuwa harpoon 
heads in the early twentieth century (Bradley 1997:67, 306).  
By the mid-nineteenth century, European colonisation saw the area around Borroloola used by 
cattle drovers and goldminers travelling west (Bradley 1997:69). In 1885, Borroloola was surveyed 
and named (Bradley 1997:69) and tensions between Aboriginal people and Europeans escalated 
into conflict that resulted in casualties on both sides (Bradley 1997:70). By the early twentieth 
century, some Yanyuwa people had chosen to live at Borroloola where a Police Rationing Depot 
had been established (Bradley 1997:77). Others remained nearer the coastline and on the islands 
from where they could travel inland to trade dugong meat and live sea turtles for steel axes, knives 
and tobacco (Bradley 1997:72-73). Bradley’s (1997) history of the Yanyuwa does not include the 
general movement of these people eastward following the establishment of cattle stations as noted 
by Roth (cited in Trigger 1992:27, 29) and George (1984).  
Economy 
Yanyuwa people utilised many food resources on the islands and mainland during and outside the 
dugong-hunting season, including turtle eggs, yams, wild honey, kangaroos, and goannas (Johnson 
Timothy cited in Bradley 1997:372). In addition to honey, wild bees nests provide wax called a-
birnnyi that the Yanyuwa used as a wood preservative and as an adhesive to cement spear bindings 
(Bradley et al. 1992a:99) and the pegs on spearthrowers (Bradley et al. 1992a:99; Spencer 
1928:572). Animals and birds were sometimes hunted using the a-kuyabirri, a small sharp-angled 
boomerang (Bradley et al. 1992a:110). Other boomerangs were used for both hunting and duelling, 
while one, the kurrbulungka, was used as a musical instrument (Bradley et al. 1992a:172).  
Spears and Their Uses 
Prior to the use of steel, two types of wooden harpoon heads (Figure 3.12) were manufactured by 
Yanyuwa men: an acicular head of about 15cm in length called a na-wulukayangu used to harpoon 
dugong, and a shorter barbed acicular head or na-ngalhinbiji that was used to hunt sea turtles 
(Bradley 1997:305). The wooden harpoon shaft was crafted from Callitris intratropica (cypress 
pine) or Ceriops tagal var. australis (mangrove) (Bradley 1997:309). The thicker end of the shaft, 
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bound with string to prevent splitting (Bradley 1997:309), had a carved socket into which fitted the 
cylindrically cork-shaped proximal end (Bradley 1997:306) of a Pemphis acidula or Lumnitzera 
racemosa (mangrove) head (Bradley 1997:305). Rope, usually made from the inner bark of Ficus 
virens var. virens (banyan), Brachychiton diversifolius (kurrajong) or Acacia torulosa (Bradley 
1997:304), was attached at one end to the detachable harpoon head (Bradley 1997:303) with the 
other end held by the hunter or tied to the prow of the canoe (Bradley 1997:308). Sometimes, 
women paddled dugouts while the men hunted (Bradley 1997:295). Yanyuwa hunters always 
harpooned dugong and sea turtles twice (Bradley 1997:308), the second time after the creature had 
weakened and had been pulled close to the canoe (Bradley 1997:331).  
 Figure 3.12. Yanyuwa wooden harpoon heads: 
a. barbed to hunt sea turtle; b. non-barbed to 
hunt dugong (Image from Bradley 1997:307). 
 
Yanyuwa people fished using pronged spears (refer to Figure 3.13) (Bradley 1997:370). Large sea 
fish were hunted using the birnkili that had two denticulate prongs (Bradley et al. 1992a:141). The 
kalkaji had four prongs made of hardwood (Bradley et al. 1992a:162) and the wirlmurr had two 
prongs (Bradley et al. 1992b:300). These spears were propelled with spearthrowers such as the 
kalbu (Bradley et al. 1992a:162) or ngarlika (refer to Figure 3.14) (Bradley et al. 1992b:261). Fish 
were also caught using drag-nets (Bradley et al. 1992a:126) and scoop nets (Bradley et al. 
1992b:288, 289) and fish in pools were trapped using bushes or bundles of long grass (Bradley et 
al. 1992c:393). Birds, including ibis, magpie geese and spoonbills were hunted using a bunarra 
(Figure 3.13), a short (1-2m in length) two-piece spear with a comparatively long acicular head, 
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propelled with a spearthrower (Bradley et al. 1992a:143). Different strategies were employed when 
Yanyuwa people hunted. In the bandawi method (Bradley et al. 1992a:134) for example, women 
and children chased kangaroos towards a group of men who used short-handled lanceolate spears 
called layin to stab rather than spear their prey (Bradley et al. 1992a:176). In another kangaroo 
hunting strategy called barankajbi, one hunter would wait with his spear while another distracted 
the prey (Bradley et al. 1992a:135).   
Other spears that were used by the Yanyuwa people included the jimirndi, a “shovel nosed” 
(possibly lanceolate) weapon (Bradley et al. 1992a:157), the single piece, acicular tipped murrngi 
(Bradley et al. 1992b:227) and the stone headed mawurraji (Bradley et al. 1992b:216). There were 
also denticulate spears in the Yanyuwa arsenal (refer to Figure 3.13). The ma-mayalungka with 
teeth carved down both sides of the head area, the semi-denticulate ma-mingkirrathu with teeth not 
fully cut out of one side of the head area and the ma-minjarranthu with long thin teeth down one 
side of the head area were all carved out of one piece of wood (Bradley et al. 1992b:199). The a-
marlamarla (Bradley et al. 1992a:110) had teeth carved down both sides of the spearhead and the 
ngarrkidikidi (Bradley et al. 1992b:262) had teeth carved on one side of the spearhead. Both of 
these weapons had a separate shaft (Bradley et al. 1992b:262). During their journey north through 
the centre of Australia to Borroloola, Spencer and Gillen (1912:485) also observed the presence of 
the mawurraji spear in Yanyuwa country and note the ma-mingkirrathu was unique to the Yanyuwa 
people in the north of the continent. Unfortunately, these authors do not mention the uses of either 
implement. Bradley (1992a:133) illustrates four spearthrowers that were employed by the Yanyuwa 
people (Figure 3.14). 
Spear Storage 
Harpoons were leant upright (heavy end downward) against a tree or could be laid down on the 
shoreline and covered with sand to prevent warping (Bradley 1997:309). How the remaining 
Yanyuwa spears were stored is unknown. 
Summary of Yanyuwa Spears and Their Uses 
The various morphologies of Yanyuwa spears are summarised in Table 3.4. As noted above, not all 
of their uses have been recorded. However, those that were suggest Yanyuwa men possibly 
preferred to use spears for specific purposes. For example, two of the five acicular spearhead sub-
categories were specifically designed harpoon heads, one to hunt turtle and the other dugong. 
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 Figure 3.13. Yanyuwa spears (Image from Bradley et al. 1992a:152). 
 
 Figure 3.14. Yanyuwa spearthrowers (Image from Bradley et al. 1992a:133). 
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Table 3.4. Yanyuwa spears, their morphology and recorded spears. 
Spearhead 
Type 
Yanyuwa Name for 
Spear 
Morphological Attributes Recorded Uses 
Stone Mawurraji1 Leilira stone head1, 2  Unknown 
Acicular Harpoon head - na-
wulukayangu3 
Acicular hardwood head about 
15cm long3  
Head fits into socket carved out of 
thicker end of shaftt4  
Head of shaft is bound with string  
Shaft made of hardwood5  
Harpoon for hunting dugong3  
Harpoon head - na-
ngalhinbiji3  
Same as Na-wulukayangu except 
acicular hardwood head has one or 
two carved barbs at distal end6  
Harpoon for hunting sea 
turtle3  
Bunarra7  1-2m long two-piece spear with 
long acicular head7  
Used with spearthrower to 
hunt birds such as ibis, 
magpie goose and spoonbill7  
Murrngi1  Single-piece weapon1  Unknown 
Wuni8 Single-piece weapon8 Unknown 
Lanceolate Jangani8 Hafted head8 Unknown 
Layin9 Short handled9 Stab kangaroos9 
Spatulate 
(possibly) 
Jimirndi10  Hardwood “shovel nosed” head10  Unknown 
Denticulate Ma-mayalungka11  Single-piece weapon 
Teeth carved down both sides of 
spearhead11  
Unknown 
Ma-mingkirrathu11  Single-piece weapon 
Semi-denticulate along one side of 
spearhead11  
Unknown 
Ma-minjarranthu11  Single-piece weapon 
Long teeth carved down one side 
of spearhead11  
Unknown 
A-marlamarla12  Two-piece weapon 
Teeth carved down both sides of 
spearhead12  
Unknown 
Ngarrkidikidi13  Two-piece weapon 
Teeth carved down one side of 
spearhead13  
Unknown 
Pronged Birnkili14  Spear with two wooden prongs 
with teeth14  
Fishing for large sea fish14  
Used with spearthrower15  
Kalkaji16  Spear with four hardwood prongs16  Used with spearthrower15 for 
fishing16  
Wirlmurr17  Spear with two wooden prongs17  Used with spearthrower15 for 
fishing17  
Numerical Key to References 
Bradley 1997:3305, 4306, 5309; Bradley et al. 1992a:12110, 6127, 14141, 7143, 8152, 10157, 16162, 9176; 
Bradley et al. 1992b:11199, 1216, 15261, 13262, 17300; Spencer and Gillen 1912:2485) 
 
The Pitta-Pitta People 
Social and Historical Context 
Walter E. Roth provides the ethnographic information pertaining to the Pitta-Pitta people. In 1894, 
Roth was appointed Surgeon to the Boulia, Cloncurry and Normanton Hospitals for three years. It 
was during this tenure as surgeon that he began to learn the language of the Pitta-Pitta and 
neighbouring Aboriginal groups and to observe and record much of their ways of life (Roth 1984 
[1897]:v, vi). Unfortunately, while Roth eloquently describes the morphology of Pitta-Pitta spears, 
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their various uses are not always explicit. No recent Pitta-Pitta vocabulary has been recorded and by 
1979 only two elderly women could speak the language (Dixon and Blake 1979:185).  
An area of approximately 16,100 square kilometres due south of the Selwyn Ranges and 
surrounding the township of Boulia in central western Queensland is home to the Pitta-Pitta people 
(Figure 2.3) (Roth 1984 [1897]:1; see also Tindale 1940:170). Roth (1984 [1897]:41) notes that, at 
the end of the nineteenth century following the influx of Europeans and their “diseases, alcohol and 
lead”, there were groups like the Boinji and Dungadungara who moved from their original 
territories to join other groups and subgroups within Pitta-Pitta country. Although the trade routes 
and market places were disrupted following usurpation of their land, Pitta-Pitta people still ventured 
northwest to trade for the narcotic pituri and with various subgroups also travelled due north to 
trade for coolamons and spears (Roth 1984 [1897]:134) that were generally referred to as narooa or 
makowata respectively (Roth 1984 [1897]:53). Sometimes accompanied by neighbouring 
Kalkadoon people, they traversed west, then followed the Georgina River back to their homelands, 
exchanging pituri, government blankets, “bilbi” tails and human hair belts for such items as human 
hair twine, stone knives, shields and hand spears (Roth 1984 [1897]:134-135).  
Entire Pitta-Pitta camps, not just the elders whose numbers were rapidly dwindling, could apportion 
punishment for such crimes as incest, murder, the use of weapons within the camp site (Roth 1984 
[1897]:139) or sexual relationships between couples deemed by the elders to be unsuitable (Roth 
1984 [1908]:9). Private quarrels often escalated from arguments to combat with boomerangs and 
stone knives, and assistance from wives and friends armed with spears (Roth 1984 [1897]:139). 
Usually however, the intention was not to kill for fear of being dealt the death sentence (Roth 1984 
[1897]:139-140). Roth (1984 [1897]:139) writes: 
With two-handed swords, they would only aim at striking each other on the 
head; with spears, they would only make for the fleshy parts of the thighs; with 
stone knives, they would only cut into the shoulders, flanks and buttocks, 
producing gashes an inch or more deep, and up to seven or even eight inches 
long. 
If a person from a neighbouring tribe were killed, the perpetrator was handed over to the relatives of 
the deceased for punishment (Roth 1984 [1897]:140). Such punishment often meant that they were 
given a shield (see for example Figure 3.15) to defend themselves against a barrage of spears (Roth 
1984 [1897]:140). On occasions vengeance escalated into warfare or the murder of all males from 
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the perpetrator’s camp (Roth 1984 [1897]:140-141). During inter-tribal warfare, white pigment was 
used for body decoration (Roth 1984 [1897]:141). Roth refers to this pigment as “gypsum” or 
sulphate of lime which was first burnt, then dipped in a little water to make a thick and sticky mass 
that dried stiff (Roth 1984 [1897]:110, 1984 [1904]:14). Pitta-Pitta people were buried almost 
immediately after death and a male’s weapons, including spears, were often buried with him. 
Alternatively, they were burned or, in rare instances, they were given to the deceased man’s 
brothers (Roth 1984 [1907]:394).  
 
Figure 3.15. Example of Pitta-
Pitta shield (Image from Roth 
1984 [1897]). 
 
Economy 
The climate for this mostly flat region is very hot and dry with unpredictable heavy rainfall in the 
wet season, resulting in channels that flow south to the Lake Eyre Basin. Vegetation consists mainly 
of grasses and acacia trees (Best 2003:45). 
The Pitta-Pitta people did not spear fish but constructed stone dams and also used short and long 
fishing nets traded from the south to trap them (Roth 1984 [1897]:94-96; 1984 [1901]b:22-23). 
Emus surrounded and mustered by both men and women could be despatched with spears (Roth 
1984 [1897]:97, 1984 [1901]b:26) while corellas, galahs and cockatoos were knocked down during 
flight with light boomerangs and water birds and turkey-bustards were captured with a slip-noose 
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(Roth 1984 [1897]:99, 1984 [1901]b:26-28). Although kangaroos were sometimes caught in nets or 
run down with dogs, they were also tracked, and when resting, were slain with spearthrower spears 
or boomerangs (Roth 1984 [1897]:100, 1984 [1901]b:28). Dingoes were also tracked and speared 
(Roth 1984 [1897]:100). 
Spears and Their Uses 
The Pitta-Pitta fighting spear or ma-ri-mo was an approximately 2.5m acicular-tipped hand spear, 
often made from a single piece of Acacia homalophylla (gidgee), circular in cross section and 
tapering at the butt. Occasionally, prior to a fight, a narrow band (approximately 1.5cm wide) of 
nails, stone flakes or broken glass was adhered with resin to the shaft approximately 60cm from the 
tip (Roth 1984 [1897]:146). Cattle were speared using a longer version of the approximately 2.2m 
lanceolate-tipped hand spear called a tum-bar-a (Figure 3.16) (Roth 1984 [1897]:39, 147). In 
addition to these hand spears, Roth also describes two different spearthrower spears in the Pitta-
Pitta arsenal (Roth 1984 [1897]:147-148) the first of which is the percha-marro (Figure 3.17) (Roth 
1984 [1897]:37). This spear was a heavy, three-piece weapon with an occasionally fluted shaft 
made from a hardwood such as mulga. The butt was made of a lightwood (e.g. corkwood) with a 
hole at the loose end to take the spearthrower peg. Shaft joins were spliced and cemented with 
Triodia mitchellii (spinifex) resin. The acicular tip, with its bound wooden barb, was approximately 
40cm long and loosely spliced to the shaft along with a covering of spinifex resin. According to 
Pitta-Pitta men, the barb made the head difficult to dislodge (Roth 1984 [1897]:147). The kun-dor-
a, the second implement propelled with a spearthrower, was a relatively light spear around 2.3m in 
length composed of an acicular-tipped gidgee shaft slotted into the hollow of a reed butt. The join 
was secured with beefwood gum and bound with tendon (Roth 1984 [1897]:147-148). One or two 
tapered 10cm barbs of wild currant wood were sometimes attached to the kun-dor-a spearhead with 
beefwood gum and a binding of kangaroo tail, snake neck or emu leg tendon (Roth 1984 
[1897]:148). 
 
Figure 3.16. Lanceolate tumbara spear (Image from Roth 1984 [1897]). 
 
Figure 3.17. Barbed percha-marro spearhead (Image from Roth 1984 [1897]). 
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Roth (1984 [1897]) observed at least one spear in a Pitta-Pitta corroboree. Pitta-Pitta corroborees, 
beginning at sunset and often lasting the whole night through, could continue for up to three or four 
days. Dancing involved the rhythmic stamping of feet in time to the beat of boomerangs that were 
clapped by male members of the audience (Roth 1984 [1897]:119-120). The themes of the songs 
sung by the audience for the dancers (Roth 1984 [1897]:119) could be dreamt, nonsensical and 
purely for amusement or might relate to a past event, although events that included people since 
deceased were never performed (Roth 1984 [1897]:117). Both women and men took part in dances 
during the day while usually only men (Roth 1984 [1897]:118) danced at night, their bodies 
adorned with red, yellow and white pigment, and feathers held in place with coagulated blood. The 
Molonga corroboree that is about an evil mischief-maker was one such event. During his 
performances on the final night of the corroboree, the main dancer Molonga (Figure 3.18) carried a 
feather-tipped spear (Roth 1984 [1897]:124). Roth (1984 [1897]:124) does not specify, nor does his 
illustration depict which of the Pitta-Pitta spears featured in the Molonga corroboree. This 
corroboree was also performed by other Aboriginal groups of North-West-Central Queensland 
(Roth 1984 [1897]:117-118). 
 
Figure 3.18. Molonga with pigment 
body decoration and feather-tipped 
spear (Image from Roth 1984 [1897]). 
 
The Pitta-Pitta spearthrower or karrummin (Roth 1984 [1897]:34, 84) was a thin slightly convex 
piece of gidgee, approximately 76cm long, 1cm deep and 4cm wide that was occasionally decorated 
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by charring (Roth 1984 [1897]:148). The peg was attached to the square end (the other end being 
curved) with snake neck, emu or kangaroo tendon tied through two pierced or burnt holes that had 
also been drilled with emu or kangaroo bone (Roth 1984 [1897]:148, 1984 [1901]a:8). The join was 
then sealed with resin (Roth 1984 [1897]:148). 
Spear Manufacture 
Recorded methods of how Pitta-Pitta people manufactured wooden spears are meagre. Roth (1984 
[1904]:9) writes:  
What with the introduction of scrap-iron and modern tools, and their 
consequent trade and barter, the working of timber wholly by aboriginal 
appliances is so rare nowadays that it is no easy matter to collect reliable 
information concerning the methods formerly, and sometimes still, employed. 
The amount of work required to produce a spear depended on whether it was cut out of timber “en 
bloc” or made from saplings or cuts of bamboo (Roth 1984 [1909]:190). The Pitta-Pitta craftsmen 
used stone scrapers with concave edges to sharpen spear tips (Roth 1984 [1904]:20). Some spears 
that flew straight or were considered special were decorated with fine fluting (Roth 1984 
[1897]:146), using a possum tooth graver (Roth 1984 [1904]:21) or, alternatively, with what Roth 
(1984 [1897]:101) terms the native chisel or pukangi as it was called in the west of Pitta-Pitta 
country (Roth 1984 [1897]:38). This tool was a bent, approximately 60cm length of relatively thick 
gidgee that had a stone flake fixed to one end with an adhesive made from spinifex resin (Roth 
1984 [1897]:101-102, 1984 [1904]:13, 20). To straighten or bend wood, the Pitta-Pitta used dry or 
moist heat, achieved by burning fresh gum leaves, or alternatively, soaking the wood in water. 
Animal fat, either reptilian or mammalian, was applied to the shaped wood for preservation (Roth 
1984 [1897]:102, 1984 [1904]:9). Kangaroo tail tendons used for hafting were air-dried and 
wrapped in melaleuca bark for transport and trade and were moistened with saliva prior to their use 
(Roth 1984 [1901]a:8). Spears could be decorated with alternate bands of white and red pigment 
(Roth 1984 [1897]:146) with reptile fat used as a fixative for such pigments (Roth 1984 [1904]:15).  
Spear Storage 
The Pitta-Pitta people constructed two types of huts. The kooroui (Figure 3.19) was erected to keep 
residents dry in the rainy season while the unnakudye kept them warm in the cooler months. A 
temporary construction of grass and bushes, the winji-winji was erected to shelter against inclement 
weather. On occasions, the winji-winji was attached to a hut as shelter for a fire (Roth 1984 
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[1897]:106, 1984 [1910]:57-58). Much of the Pitta-Pitta material culture was placed inside, outside, 
against or on the roofs of these structures. According to Roth (1984 [1897]:107), however, spears 
were “always stuck vertically into the walls with their butt-ends downwards, probably to prevent 
them being trodden upon or otherwise injured”. 
 Figure 3.19. Pitta-Pitta hut or kooroui (Image after 
Roth 1984 [1897]).  
 
Summary of Pitta-Pitta Spears and Their Uses 
Table 3.5 summarises the morphology and recorded uses of two of the spear types employed by 
Pitta-Pitta men. There were three sub-categories of implements with acicular spearheads, one of 
which was a hand spear.  
The Wik-Mungkan People 
Social and Historical Context 
In the early twentieth century, the Wik-Mungkan people inhabited the western Cape York region 
that encompassed the Archer, Kendall and Holroyd Rivers (McConnel 1939:62, 1953) from their 
tributaries in the central highlands to their estuaries (Thomson 1939:211). The area is now in Wik 
country (refer to Figure 2.3) (Horton 2000) that also includes the lands of the Wikampama, 
Wikapa:tja, Wikatinda, Wikepa, Wikmean, Wiknantjara, Wiknatanja, and Wik’natara peoples as 
summarised by Tindale (1940:174-175; but see Sutton 1993 for more recently recorded details). 
Sutton (1993:32) notes that, based on the origins of clan locations, there was a social distinction 
between those living along the coast, the “bottom side”, and those living in the hinterland, the “up 
side”, and that “traditions of material culture reflect this distinction”. Whether such social 
distinctions prevailed some 50 years earlier when Donald Thomson and Ursula McConnel were 
undertaking their ethnological research in Wik country is questionable as this was during the 
Aurukun Presbyterian Mission period under the authoritarian and brutal rule of Bill McKenzie 
(Kidd 2005; Perusco 2008:434).  
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Table 3.5. Pitta-Pitta spears, their morphology and recorded uses. 
Spearhead 
Type 
Pitta-Pitta Name Morphological Attributes Recorded Uses 
Acicular Ma-ri-mo1, 2 Around 2.5m long, often single piece weapon 
of gidgee, tapering at butt  
A band of flint flakes, glass fragments or nails 
could be adhered with resin 60cm from spear 
tip2  
Hand spear used for 
fighting2 
Kun-dor-a1, 3 Around 2.3m long two-piece gidgee weapon 
acicular tipped shaft slotted into the hollow of 
a reed butt and secured with beef-wood gum 
and a binding of tendon4 
One or two barbs of wild currant wood may be 
fixed to the spear tip with beef-wood gum and 
bound with emu leg, snake neck or kangaroo 
tail tendon3 
Used with 
spearthrower4 
Percha-marro5, 4 Heavy three-piece weapon with head and shaft 
of hardwood such as mulga (sometimes 
fluted) and butt of lightweight wood 
Head lightly attached to shaft by splicing 
covered with spinifex resin adhesive 
Shaft and butt similarly but firmly attached 
Wooden barb was bound to the acicular-
shaped head of about 40cm length4 
Used with 
spearthrower4 
Lanceolate Tum-bar-a3, 6  Broad leaf-shaped tip up to 5cm wide, often 
made of gidgee  
Single piece weapon of about 2.7m long4 
Longer versions used 
for hunting cattle 
Hand spear4 
Numerical Key to References 
(Roth 1984 [1897]: 135, 637, 539, 2146, 4147, 3148) 
 
Economy 
Sutton (1993:31) characterises Wik country as consisting of two contrasting environments: the 
resource-rich coastal area subject to seasonal flooding and the sloping hinterland with less resources 
except in intermittent forested riverine patches. Thomson (1939:213) notes that the region is 
characterised by low-lying savannah forest country containing innumerable swamps, bogs and 
water holes that persist throughout the dry winter months. The country teemed with wild life 
including fish, birds such as ibis, geese, ducks, jabiru and emu, flying foxes, kangaroos and 
wallabies, all of which the local inhabitants hunted with their spears (McConnell 1953:6). Salt-
water fish, sea turtles and dugongs were also hunted (McConnel 1957:1). The meat from such 
hunting, along with estuarine and riverine fish, and bandicoots, bush rats, lizards and snakes dug out 
of holes by the women using digging sticks, supplemented a rich diversity of gathered foods that 
included eggs from fresh- and salt-water turtles and crocodiles, crabs, oysters, Polymesoda 
(Geloina) erosa (clams), mangrove pod seeds, the corms of water lilies and Scirpus littoralis 
(swamp rush), roots and yams, numerous fruits and a variety of honeycombs (McConnel 1953:6-8, 
1957:1-6; Thomson 1939:213-215).  
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Although McConnel (1953) reports on the rich food resources for the region, she also notes there 
were only certain times during the dry months of the year when food was so abundant that the 
family units gathered together for inter-tribal discussions and initiation ceremonies (McConnel 
1953:8-9; see also Thomson 1972:19). According to Thomson (1939:211-216, 1946:166-167), the 
nomadic Wik people had an “orderly annual cycle” of hunter-gatherer activities based on a 
thorough knowledge of the resources available in specific ecological habitats during five recognised 
seasons: 
• Mid-March to mid-May, called ontjin many, when floodwaters subside following the end 
of the monsoon rains. During this time fish traps were constructed, fish netted, and bark 
canoes called tonn were used for transport (Thomson 1939:214). Shelters were sleeping 
platforms (to avoid mosquitos) that were constructed on open ground (Thomson 
1939:215); 
• Mid-May to late July, called ontjin min. Bark canoes were still in use during these months. 
This was the best time to harvest vegetables (Thomson 1939:214). Constructed in open 
areas and on beaches, the shelters were windbreaks to protect against cool south-east 
winds (Thomson 1939:215); 
• Late July to early October, called kaiyim. This is the dry season when the watercourses 
dried up and the usually abundant vegetable food supplies dwindled. Honey was gathered, 
fish netted, and wallabies, kangaroos and other mammals hunted with spears (Thomson 
1939:214). Windbreaks provided shelter from the wind and sun (McConnel 1953:8; 
Thomson 1939:215); 
• October to early December, called turrpak, is the hottest time of the year with generally 
less nomadic movement. Rush tubers were the predominant vegetable collected, grass was 
burned off in conjunction with kangaroo “drives” and hunting, and fish were poisoned in 
permanent water holes (Thomson 1939:214). Shelters were windbreaks (Thomson 
1939:215); and  
• Late December to early March, called karp, is the rainy season and a period of maximum 
vegetable growth. Canoes were made from Eucalyptus tetrodonta (Darwin stringybark) 
and used for spear fishing and netting, and shellfish and turtle and crocodile eggs were 
gathered (Thomson 1939:214). Large kangaroos, Macropus rufus and Macropus 
giganteus, were speared (Thomson 1939:215). Both covered and uncovered raised 
sleeping platforms were constructed on high ground in open savannah forest, while in the 
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rainforest and sheltered situations, round bark-covered huts provided shelter (McConnel 
1953:9; Thomson 1939:215).  
McConnel (1953) and Thomson (1939) note that the use of nets, traps, poison and spears featured 
prominently in the Wik cyclic economy (see also Sutton 1993:39). Boomerangs were not part of the 
hunting kit (McConnel 1953:5). Although stating that saltwater fish, sea turtles and dugongs were 
hunted, McConnel (1953) does not mention the use of harpoons and recalls the construction of only 
one outrigger canoe, with two booms lashed to a dugout vessel, capable of ocean fishing 
expeditions (McConnel 1953:9). She maintains such craft were not utilised by the Wik people 
before Europeans settled in the area (McConnel 1936:78). Thomson (1939:209) does mention 
seasonal dugong and turtle harpooning but points out that the coastal living Wik people, with their 
bark canoes, utilised the rivers, estuaries, lagoons and waterholes more than the sea (see also Sutton 
1993:39; Thomson 1939:211). Bark canoes were not used south of the Kendall River with the Wik 
people living between the Kendall and Holroyd Rivers instead used log floats or composite rafts 
(Thomson 1952:2).  
Spears and Their Uses 
Spears were of different shapes, made of various materials and were employed, not necessarily 
exclusively, for various tasks by the Wik people. The generic Wik term for spear was kek (Thomson 
1946:166) although, in his fieldnotes, Thomson records the term as kek tu’a (Thomson, D. F. 
Fieldnotes, n.d.). 
Thomson (1939:210) claims an acacia harpoon with a kangaroo bone barb from Albatross Bay 
district, north of the Archer River, was similar to those used by the Wik people. More recently, Wik 
people have used the very long and heavy kek waap to hunt dugong and sea turtle (Kilham et al. 
1989:56). The spear used for spearing bony bream, the tu:’u, had an acicular acacia head and shaft 
with imitation gum joint and a long softwood or hibiscus shaft. Ironwood gum was used to seal the 
shaft-butt join and red and white pigment rings decorated the shaft. Bony bream were hunted at 
night in canoes (McConnel 1953:10, 1957:3). A fisherman would stand in the bow, spear in one 
hand and a tea-tree bark torch used to attract and bewilder the fish in the other. Once speared, the 
fish was chased until caught and the spear retrieved. During the day, along the estuary mangrove 
edges, wives paddled and steered the canoes while their husbands, using spearthrowers, speared 
other fish coming in with the tide (McConnel 1957:3). The wantan dyindan that had a hibiscus 
shaft, the end of which was painted with white pigment, and three acacia prongs with bone barbs 
was used for the same utilitarian and ceremonial purposes as the tu:’u (McConnel 1953:26). 
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Another fishing spear, called a pi:nta, was used to hunt birds such as jabiru as well as goannas. This 
lighter spear had a long bamboo shaft and an acacia or ironwood head to which was lashed a double 
pointed bone barb (McConnel 1953:26). A two-pronged spear, propelled with a spearthrower 
(Figure 3.20), was also used for fishing. 
 
Figure 3.20. Wik man fishing with a two-pronged 
spear (Photograph: U. McConnel 1930s in Sutton 
1993:38). 
 
Wik men also made spears with four prongs, each of which had a double pointed terminal bone 
barb. The pita pi:nta with acacia prongs, had a bamboo shaft, the lighter end of which was the butt 
(McConnel 1953:26). According to Thomson (Fieldnotes, n.d.), this spear was called a dukka and 
used to fish and to hunt wallaby and large birds such as emu and brolga (McConnel 1953:26). 
Another four-pronged spear called keka äntyan (McConnel 1953:26) or possibly kek kängärin 
(records of Museum Victoria) had a three-piece shaft: hibiscus near the head, grass tree in the mid-
section and acacia forming the butt that was crafted to fit a spearthrower (McConnel 1953:26). 
According to McConnel (1953:10, 26) these long and heavier spears, some of which had ironwood 
shafts, were used to hunt big game. Thomson (1933 Fieldnotes, File No. 256, p3), however, states 
that barbed three- and four-pronged spears were also used for fighting. Rather than using shields 
during combat, spears were deflected with plain sticks or knobbed wooden clubs (McConnel 
1953:5,11). 
Among the Wik arsenal were three short spears used for fighting at a distance (McConnel 1953:10, 
25). The ku:’iηa had an acicular acacia head with a bamboo shaft. The pepin or kek pepan (Kilham 
et al. 1989:55) was similar but with a hibiscus shaft, as was the pankata that had a hibiscus, bamboo 
or grass tree shaft. Based on McConnel’s (1953:25) descriptions, it is difficult to differentiate the 
ku:’iηa and the pankata but the latter spear was also used to hunt wallabies. Thomson (1933 
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Fieldnotes, File No. 256, p1) calls the ku:’ina a kek pinta adding that such unbarbed spears with 
bamboo shafts were used to impale wallabies and dead fish (Thomson, D. F. 1933 Fieldnotes, File 
No.256, p3). 
Wik men also fought with long barbed spears. The keka yandala was an acacia acicular-headed 
fighting spear with a single emu or wallaby bone barb, artificial hafting near the head and a bamboo 
or softwood butt recessed to take a spearthrower. Red and white circles of pigment decorated the 
spear near the point and at the end of the shaft (McConnel 1953:25). Thomson (1933 Fieldnotes, 
File No.256, p1) termed this spear a kek yantilla, noting it was also used for hunting. A kek yikan 
was another long spear, the shaft of which, according to Thomson (Fieldnotes, n.d.) was crafted 
from Acacia rothii. However, Kilham et al. (1989:56, 266) state the wood used more recently was 
Acacia crassicarpa. This spear was used for fighting and hunting (records of Museum Victoria), 
and more recently, for hunting emus (Kilham et al. 1989:56).  
Other Wik spears were armed with stingray spines. A wolka (McConnel 1953:25), wälk (Thomson, 
D. F. 1933 Fieldnotes, File No. 256, p1), kek walk (records of Museum Victoria) or kek walk 
(Kilham et al. 1989:56) was used for fighting. McConnel (1953:25) writes that the kek walk, with 
one to three very poisonous stingray barbs, hardwood shaft and painted butt, was given to initiates 
at the second initiation ceremony. This weapon was also used to spear offenders or law breakers in 
the leg (McConnel 1953:25) as well as for fishing (Kilham et al. 1989:56). The kaiya had an acacia 
shaft also mounted with a cluster of stingray barbs (McConnel 1953:25). The shaft was smeared 
with blood and the butt painted with bands of pigment and hafted with gum to a bamboo or hibiscus 
butt. Kaiya were used in initiation ceremonies, for fighting and also for punishment such as 
spearing the leg of those who disobeyed tribal Laws (McConnel 1953:25-26). Kilham et al. 
(1989:55) describe the kek kaay, possibly the more recent counterpart of the kaiya, as having only 
three stingray barbs. Another fighting spear used for punishment was the etiketa (McConnel 
1953:26), kek etingärrä (records of Museum Victoria) or kek etangar (Kilham et al. 1989:56). On 
this spear, the stingray barbs faced backwards and were lashed onto either or both sides of the 
acacia shaft that was hafted to a hibiscus or bamboo butt (McConnel 1953:26).  
It is likely that not all spears used by the Wik people have been described here. Thomson (1933 
Fieldnotes, File No. 256, p3) notes the Wik people made and used many forms of spears with 
different types of hardwood heads, some of which were barbed while others were not. Spear names 
could be derived from the type of wood used for their shaft or butt, the number of prongs attached 
or the length of their barbs (records of Museum Victoria). Kilham et al. (1989:56) also mention two 
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types of pronged spears possibly only recently used by Wik men, the kek pith used for hunting and 
the kek ancathan (with three or four either wooden or stingray prongs) used for both hunting and 
fighting (Kilham et al. 1989:55). However, as Kilham et al. (1989) provide no descriptions of either 
shaft it is impossible to equate these spears with those defined by McConnell (1953), those in 
Thomson’s fieldnotes or those described in the records of Museum Victoria. 
Spears figured prominently in the bony bream ritual increase ceremony performed at the second 
initiation ceremony of young Wik men in the form of a recital of the bony bream myth (McConnel 
1935:66-68, 1953:20-21). During the ceremony, Wolkollan the bonefish “appeared”, covered in red 
clay and riddled with spears, slain so that the members of the bony bream clan could spear many 
fish. In another increase ritual, Wolkollan’s wife also “appeared”, but she was covered in white clay 
and riddled with spears (McConnel 1935:67, 1953:20). The long acicular hunting spear with a 
shorter butt than the utility version, called a tu:’u was used in these ceremonies (McConnel 
1953:26). McConnel writes that in all ceremonies, Wik men adorned their bodies with red and 
white clay, including painted totemic emblems, and they often wore feather headdresses (McConnel 
1953:19).  
As often as possible, the Wik used a spearthrower (Figure 3.21) called a tul’a (Records of Museum 
Victoria) that is unique to Cape York Peninsula as it had two baler shell discs on the end upon 
which spears were balanced (McConnel 1953:11, 27; Sutton 1993:40). 
 
Figure 3.21. Wik spearthrowers (Photograph: McConnel 1953). 
 
Spear Manufacture 
Middle-aged or older Wik men spent many hours making and repairing spears (Figure 3.22) (Sutton 
1993:40) although the complete method they used to manufacture a spear is unknown. Due to the 
lack of stone and the rarity of traded axes and knives, shells, particularly mussel shells, were used 
as scrapers. Wallaby jawbones were also used as scrapers and those bones with an incisor still 
attached were also used as engravers (McConnel 1953:8,1957:13; see also Roth 1984 [1904]:21). 
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Thomson also records mud shell scrapers (Figure 3.23) and that shafts were smoothed with the 
leaves from Ficus opposita (Thomson, D. F. 1933 Fieldnotes, File No. 256, p1). Spear barbs made 
from emu, wallaby, kangaroo or poisonous stingray bone (McConnel 1957:13) were attached to the 
tips of acicular or prong-headed spears with tendon from kangaroo (McConnel 1953:11) or wallaby 
tails (McConnel 1953:11; Thomson, D. F. 1933 Fieldnotes, File No. 256, p2). Unhafted barbs were 
wrapped with melaleuca bark for transporting (McConnel 1953:12). The distal end of the shaft was 
split once for an attachment while harpoon shafts were split and then hollowed out for attachment 
of the spearhead but no resin was applied to seal the join (Thomson, D. F. 1933 Fieldnotes, File No. 
251, p1). Gum, such as that from the grass tree was heated in baler shells on the fire and used for 
bonding and sealing barb attachments and any hafting (McConnel 1953:11). Other fixatives 
included resin from Canarium australasicum or, on rare occasions, resin from ironwood tree roots. 
A special string made by chewing and drying plant fibres rather than rolling them was used 
specifically to make “fast spears” (Thomson, D. F. Fieldnotes, n.d. p1). White and red clay applied 
in large or small rings decorated ceremonial spears, and blood was sometimes smeared in wavy 
patterns on spear shafts to possibly gain power over an adversary (McConnel 1953:11).  
 
Figure 3.22. Wik man repairing spear 
(Photograph: U. McConnel, 1930s in 
Sutton 1993:40). 
 
Spear Storage 
During the dry season forks of wood were erected either near windbreaks or alone, from which to 
hang dilly bags or to rest firesticks and spears (see also Figure 3.24). Those not in use during 
hunting were rested on the ground (Thomson 1939:218). It is not known whether the wet weather 
shelters constructed by the Wik (Thomson 1939:218) were also used for spear storage. 
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 Figure 3.23. Spear production using a shell scraper, Wik Mungkan, west Cape York 
Peninsula, April 1933  (Photograph by D. F. Thomson. Courtesy of the Thomson family and 
Museum Victoria [TPH4402]). 
 
 
 Figure 3.24. A daytime camp, Wik Mungkan and Wik Alkan, west 
Cape York Peninsula, May 1933 (Photograph by D. F. Thomson. 
Courtesy of the Thomson family and Museum Victoria 
[TPH4331]). 
 
Summary of Wik Spears and Their Uses  
Many of the Wik spears and their morphology and uses are summarised in Table 3.6. The greatest 
number of sub-categories for each of the three spearhead types were spears with acicular heads and 
the majority of these as well as those with stingray heads were used for fighting. 
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Table 3.6. Wik spears, their morphology and recorded uses. 
Spearhead 
Type 
Wik Name Morphological Attributes Recorded Uses 
Acicular Ku:’iηa1 or 
Kek pinta2 
Short spear with acicular acacia head and 
bamboo shaft1 
Fighting at a distance1 
Impale already speared fish 
and wallabies3 
Kek pepan4 Short spear with acicular acacia head and 
hibiscus shaft1 
Fighting at a distance1 
  
Pankata1 Short spear with acicular acacia head and 
bamboo, grass tree or hibiscus shaft1 
Fighting at a distance and 
hunting wallabies1 
Tu:’u5 Acicular acacia head with imitation haft 
joined to a softwood or hibiscus shaft 
Short shaft – ceremonial spear 
Long shaft – utilitarian spear 
Bands of red and white pigment on shaft 
for ceremony5 
Fishing for bony bream 
Used in bony bream totem 
ceremony5 
Used with spearthrower for 
fishing6 
Kek yandala1 or kek 
yantilla2 
Artificially hafted acicular head of acacia 
with an emu or wallaby barb near the tip 
and softwood or bamboo butt 
Decorated with red and white rings of 
pigment near tip and end of shaft1 
Used with spearthrower1 
Fighting1, 2 
Hunting2 
Kek yikan7 Long bone barbed spear of northern 
wattle7 or Acacia rothii8 
Fighting and hunting emu7 
Pi:nta5 Double-pointed bone barb lashed to 
acicular tip of ironwood or acacia head 
that is joined to bamboo shaft5 
Fishing and hunting birds 
and goanna5 
Stingray Kek walk7 One to three stingray barbs attached to a 
hardwood shaft and lightweight butt1 
Single stingray spine attached to wooden 
shaft2 
Gift to initiates at second 
ceremony 
Punitive spear1 
Fishing7 
Kaiya1 Cluster of stingray barbs attached to 
acacia shaft smeared with blood; bamboo 
or hibiscus butt decorated with bands of 
pigment1 
Used in initiation 
ceremonies 
Fighting and punishment1 
Kek etangar7 Backward facing stingray barbs; 
hibiscus tip with acacia shaft and bamboo 
or hibiscus butt5 
Fighting and punishment5 
Pronged Wantan dyindin5  Long hibiscus shaft with three bone-
barbed acacia prongs; 
End of shaft painted with white pigment5  
Fishing for bony bream 
Used in bony bream totem 
ceremony5 
Hunting and fighting3 
Pita pi:nta5 or 
Dukka8  
Long bamboo shaft with four barbed 
acacia prongs5  
Fishing and hunting emu, 
brolga5 and wallaby3, 5  
Fighting3 
Keka äntyan5  Long, heavy four-pronged spear with 
three part shaft of woods such as hibiscus 
or grass tree and acacia butt; 
Each prong has double-pointed bone 
barb5  
Used with spearthrower5  
Hunting big game3, 5 
Fighting3 
Numerical Key to References 
Kilham et al. 1989:455, 756; McConnel 1953:610, 125, 526); Thomson, D. F. 1933 Fieldnotes, File No. 256, 2p1, 
3p3. Donald Thomson Collection. Reproduced with the permission of Mrs D. M. Thomson and Museum Victoria; 
8Thomson, D. F. n.d. Fieldnotes. Donald Thomson Collection. Reproduced with the permission of Mrs D. M. 
Thomson and Museum Victoria. 
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The Gagudju People 
Economy 
Writing about his 1912 visit to Oenpelli Station near the East Alligator River (refer to Figure 2.2), 
Spencer (1928) describes a seasonal routine, noting how Gagudju families moved between favourite 
camping grounds next to billabongs as food resources became depleted between the wet and dry 
seasons. Women and children gathered lily roots, stems and seeds and men speared fish, hunted 
kangaroos and wild birds, including emus, caught flying foxes and collected honey (Spencer 
1928:774-775).  
Spears and their Uses 
Discussing the possible uses of the Anbangbang I spearpoints, Jones and Johnson (1985:60, 63) 
record that, according to Arnhem Land elders, uniserial denticulate spearheads were hafted “either 
singly or in pairs, with the barbs outwards, onto light shafts, to form spears used for hunting large 
game such as wallaby/kangaroo, or for fighting with men”. Spencer and Gillen (1969 [1904]:672) 
observed that such spears were used with a spearthrower although they do not record what the 
implements were used for. The authors do note that these spearheads were not made by Gagudju 
men but traded in exchange for other spears such as the semi-denticulate yeripul or mikul (Spencer 
1914:356). A mass of wax or resin, sometimes bound with string, was used to haft the traded 
spearhead to a shaft (Spencer and Gillen 1969 [1904]:672) that was occasionally crafted from heavy 
wood (Spencer and Gillen 1969 [1904]:671). In addition to using hooks of wood or bone and lines 
of string (Spencer and Gillen 1969 [1904]:677-679), Gagudju men used spears for fishing. The 
spear originally used to catch barramundi was 3m long with five bone prongs (Spencer 1928:797). 
One specialised spear called a kujorju (Figure 3.25) was also used for fishing and to kill water 
snakes (Spencer 1914:359; 1928:799-800). This spear was around 1.6m in length and had four 
hardwood prongs with bone barbs attached with resin, and a short bamboo shaft (Spencer 1914:358-
359, 1928:799-800). The jiboru (Figure 3.26) was approximately 3m long with a hardwood shaft 
and butt end of bamboo to take a spearthrower. The head of the jiboru consisted of a sharpened 
bone barb hafted to the shaft with resin from the root of the ironwood tree (Spencer 1914:358). 
Gagudju men also had a 2.7m long spear with an acicular hardwood head attached to a bamboo 
shaft with resin and string (Spencer and Gillen 1969 [1904]:674). According to Spencer and Gillen, 
the “most effective” weapon that Gagudju men made was the kunjolio, a short (about 1.5m in 
length) light spear that also had an acicular hardwood (Acacia sp.) head and a shaft of bamboo 
coated with red ochre (Spencer 1914:359). 
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Figure 3.25. A kujorju or water snake spear (Photograph Spencer 1928). 
 
 
Figure 3.26. A jiboru (Photograph Spencer 1928). 
 
The spearthrower more commonly used by Gagudju men was called a kunjolio (Figure 3.27a) 
(Spencer 1928:823). This implement was a straight stick with a resin coating forming a handle on 
one end and a pointed lump of resin on the other end for spear attachment (Spencer 1928:823). 
Another spearthrower, less frequently used, was called a palati (Figure 3.27b) (Spencer 1928:822; 
Spencer and Gillen 1969 [1904]:377). 
 
Figure 3.27. Gagudju spearthrowers: a. kunjolio; b. palati (Photograph Spencer 1928). 
 
Spears also featured in Gagudju burial rituals. In the cleansing ritual after burial, a deceased 
woman’s clan members laid their belongings, including spears, beside a circle of grass stalks 
surrounding a basket of special charcoal and all of her belongings. Towards the end of this 
ceremony, the grass stalks were set on fire, destroying the woman’s belongings; the men entered the 
circle, poured water over themselves and then painted themselves with the wet charcoal. In a similar 
manner, all deceased men’s belongings, including their weapons would be broken up and destroyed 
during their burial ritual (Spencer 1914:242-243, 1928:772-773). At the end of the third mourning 
ceremony for the woman, where all attendees were painted with red ochre, the men placed their 
spears in a circle on the ground. The next day, messengers carried the spears to other camps for 
barter (Spencer 1914:247, 1928:821-822). 
The information available for the study area that relates to the Aboriginal peoples, their countries 
and the spears they made and used appears considerable. The following review, however, highlights 
the problems with relying on this information alone to assign the past use/s of any of the spears in 
the research sample. 
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Ethnography Reviewed 
The information pertaining to spear uses around the Gulf of Carpentaria generally indicates that 
they were primarily used for hunting and fishing, sometimes in conjunction with nets and/or traps. 
Further south, the Pitta-Pitta people did not spear fish but caught them in nets (Roth 1984 
[1897]:94-96, 1984 [1901]b:22-23). However, the literature is by no means comprehensive, 
especially concerning the prey hunted with spears. For example, some Pitta-Pitta and Yanyuwa 
spears have no recorded uses and it is unclear whether Kaiadilt people used spears or other 
implements such as throwing sticks or possibly boomerangs to procure birds and flying foxes. 
If one were to logically infer an Australian spear’s use in the past based on ethnographic analogy, 
the literary information should be as relevant as possible to the time the artefact was collected. In 
the majority of cases however, the dates of the sources referred to above are not contemporaneous 
with the acquisition dates of the post-contact spears and the meagre information available regarding 
Gagudju spears was written several hundred years after the estimated dates of the archaeological 
wooden points (Jones and Johnson 1985:54). Similarly, the ethnographic information should relate 
to the Aboriginal country in which each implement was manufactured and likely to have been used. 
The vagaries of recorded places of origin for some of the artefacts in the sample necessitated 
examination of ethnographic literature pertaining to nearby Aboriginal countries. Davidson 
(1934:47-48) notes that Aboriginal peoples from different parts of Australia used morphologically 
similar spears for different purposes. The additional information provided above reveals this to also 
be the case in neighbouring countries. For example, Ganggalida people used the acicular miyalda 
for turtle and dugong hunting (Trigger 1987:78) whereas Yanyuwa people used a similar spear, the 
bunarra, to hunt birds (Bradley et al. 1992a:143). Clearly, assigning a spear use based on its 
morphology is especially problematic when the origin of the implement is unclear. The literature 
also reveals that spears were among the many traded items of Aboriginal material culture, often due 
to the availability of specialised technology and/or raw materials. In addition, the European 
invasion of hunting territories and the establishment of missions resulted in the movement of many 
Aboriginal peoples. New owners may have used traded spears for purposes different to those of the 
original owners and mobile people quite possibly altered the use of their spears to suit new 
environments with different resources. 
This review of the ethnography demonstrates that comprehensive and directly relevant information 
is not always available, especially for post-contact spears with ill-defined places of origin. These 
examples substantiate Hiscock’s (2008) comments above concerning problems associated with 
uncritically employing ethnographic analogy. However, as noted above and demonstrated in the 
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following section, ethnographic information is still of great value in the investigation and 
interpretation of use-traces (Fullagar 2006:209).  
Use-Traces Indicative of Hypothesised Spear Uses 
The ethnographic background indicates that, like the Kimberley points mentioned in Chapter 1 
(Akerman et al. 2002), artefacts in the research sample could have retained residues following 
contact with a great variety of materials during manufacture, maintenance/repair, utilitarian and 
ceremonial use, trade/transport and storage. These residues include animal tissues, plant tissues and 
soil constituents. As explained above, the use/s of the spears examined in this study were 
hypothesised on the basis of their morphological similarity to those described in the ethnographic 
literature. Lombard (2008:37) points out that, rather than a single residue, a group of several related 
residues on a working portion of a tool provides a weight of evidence for a more cogent indication 
of use. Therefore, the detection and identification of a complete suite of residues was selected as 
indicative of a spear having been used in the manner hypothesised (refer to Table 3.7), bearing in 
mind the difficulties in identifying detected traces of blood and fragmentary bone, hair and feather 
to any taxonomic level, as noted in Chapter 1. 
Table 3.7. Suites of residues indicative of hypothesised spear use 
Hypothesised Spear Use Suites of Residues Indicative of Use 
Fighting (and/or punishment and 
retribution) 
Traces of blood, muscle tissue, adipose tissue, collagen and 
possibly human hair  
Hunting large game such as kangaroo, 
wallaby and emu 
Traces of blood, muscle tissue, adipose tissue, collagen, kangaroo 
and/or wallaby hair and/or emu feather  
Hunting game such as goanna Traces of blood, muscle tissue, adipose tissue and collagen  
Hunting turtle and dugong Traces of blood, muscle tissue, adipose tissue, collagen, diatom, 
sponge spicule and aragonite  
Fishing Traces of blood, muscle tissue, adipose tissue, collagen, fish 
scale, diatom, sponge spicule and aragonite  
Featuring in dance or ceremony Pigment, traces of blood, feather  
 
Interpretations for other combinations of detected residues also relied on information from the 
documentary sources. Sponge spicules, diatoms and aragonite without associated traces of animal 
tissue would indicate a spear being situated in a shoreline environment at some point. If a spear 
were the property of a Kaiadilt man on Bentinck Island, however, the detection of a thick spread of 
aragonite with a few sponge spicules and diatoms on the implement’s surface would indicate the 
use of a shell scraper in its manufacture (Tindale 1977:265) as well as the likelihood of it having 
been in a shoreline environment. Sponge spicules constitute a minor part of many soils (Wilding 
and Drees 1968:92) so their presence might indicate an artefact’s contact with soil during post-use 
storage. The identification of sponge spicules and diatoms on spears could also indicate they were 
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immersed in the sea or a river or washed at some point after their collection. The identification of 
sheet collagen, collagen fibrils and/or bone fragments in isolation on a spear would suggest bone 
tools were used in its manufacture while the presence of adipose tissue alone would indicate the 
application of animal fat during manufacture for wood protection (Roth 1984 [1897]:102, 1984 
[1904]:9). The detection of hair, feather, fragments of muscle tissue, adipose tissue and/or bone on a 
spearhead could be considered indicative of an implement’s use for hunting. Without any traces of 
blood however, such residues are more likely to have been transferred through handling during the 
spear’s use-life or adhering campsite soil constituents (Akerman et al. 2002). Aboriginal people 
used pigments, including charcoal to decorate their bodies for ceremonies and warfare as well as 
their spears. Pigment could therefore be directly applied decoration or transferred through body 
contact during such activities. The presence of charcoal could also be indicative of charring during 
a wooden spear’s manufacture or the spear’s proximity to campsite soils. Such possibilities were 
carefully considered when interpreting the presence of residues on the research sample. 
As noted in Chapter 1, residue and use-wear analysis of wooden artefacts is still in its infancy with 
scant relevant information pertaining to use-wear. Although focusing on the detection and 
interpretation of residues to this point, traces of wear and damage, possibly indicative of a spear 
having been used, are presented in the next chapter. 
Chapter Summary 
A combination of ethnographic analogy, comprising testable hypothetical spear uses, and 
methodological uniformitarianism (Gould and Watson 1982:359) based on the optical properties of 
microscopic residues form the methodology that underpinned the major portion of this study. This 
chapter presented and critically examined relevant ethnographic information from which to 
hypothesise the use of each spear in the research sample and propose a suite of residues indicative 
of each use. In Chapter 4, the methods of analysis used to examine the research sample in order to 
test the hypothesised uses as well as determine possible indications of use-wear and evidence of 
manufacturing with metal tools are fully detailed.   
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Chapter 4.  
 
Methods of Analysis 
 
Introduction 
A range of analytical techniques was adopted to determine if any of the spears in the research 
sample had been used for hunting, fishing or fighting, or in ceremony, or whether they retained 
traces indicative of their manufacture. The methods of analysis used in this study were similar to 
those developed to examine a sample of Aboriginal Australian wooden digging sticks (Nugent 
2006, 2001), including explanations for how records were maintained and how contamination 
issues were addressed. Each spear was examined as if it were an individual archaeological site (Loy 
1993b:44), able to be compared with the other implements in the sample and relevant ethnographic 
information. Low- and high-magnification microscopy formed the major components of the 
analytical procedures with specific residues targeted for chemical assay and/or further analysis. The 
histology and optical properties of residues, necessary for their detection and identification, are also 
detailed in this chapter.  
The Sample of Analytical Locations 
A sampling strategy for each specimen was required due to the large size of spears and involved the 
selection of locations for analyses on each implement. Although Semenov (1964:22) recommends 
examination of the whole artefact, spears and harpoons are large implements and analysis that 
involves microscopy, especially high magnification microscopy, is extremely time-consuming. 
Consequently, it was necessary to select a sample of analytical locations for analysis on the post-
contact spears and the experimental control implement (refer to Chapter 5). The decision was made 
to select locations on the head of the artefact because this is the most likely area where one will find 
indications of use, and some of the spears have severed shafts. Due to their small size, the artefacts 
in the archaeological sample were microscopically examined in their entirety.  
The selection of analytical locations required a strategy that would permit the systematic 
examination of a variety of spearhead shapes so that collated data for each artefact could be 
compared. Therefore this sample was systematically chosen but with the first location for analysis 
purposefully selected at the tip of the spear rather than randomly allocated (Drennan 1996:245-247; 
Hurst Thomas 1989:444; Lazerwitz 1968:295:73; Renfrew and Bahn 1996). Rotating clockwise, 
 
 
84 
  
four locations for analysis were selected at 0º, 90º, and 180º at regular intervals along the spearhead, 
beginning at the tip (point A), 10cm from the tip (point B) and 20cm from the tip (point C). 
Locations as close as possible to these intervals were selected if hafting prevented visibility of the 
wood or stone surface of an artefact. Generally, each zero degree location was aligned with the 
museum catalogue number inked on the spears (Figure 4.1). However, each zero degree for the 
lanceolate, stone and denticulate spearheads was on one of their wider faces. For the two-pronged 
spear, locations for analysis were selected on opposite sides of each prong. For three- and four-
pronged implements, locations were selected on the outer surface of the prongs. The three-pronged 
spearhead necessarily had only three locations on each transect. Due to their narrowness in cross-
section, locations were selected on the broad surfaces of the lanceolate and stone spearheads 
examined. This systematically selected sample thus provided a maximum of 240 locations for the 
application of residue analyses. However, there were a few exceptions, one being the spear with 
three prongs, having only nine locations. While the first four locations on spears with very finely 
pointed acicular tips and spearheads with blade-like edges could be microscopically examined for 
traces of use, the successful removal of hydrated residues from these areas was not always possible 
(see below). 
For data recording purposes, each artefact was allocated a number commencing with 100. Each 
location number also began with 100 for the first artefact, 200 for the second artefact and so forth. 
The last two digits of the location number for each artefact consisted of consecutive numbers 
beginning with one at point A (tip) 0º, two at A90º, three at A180º and so forth, and ending with 12 
at C270º. As examples, the location number for spear 600 at A90º was numbered 602 and the 
location at C180º for the same artefact was numbered 611. Allocated labels for the locations on the 
experimental control spear were MI1 to MI12. 
 
Figure 4.1. Locations for analysis (Image courtesy Y. Silanesu). 
 
 
 
85 
  
The length of the area on each spear to be examined was standardised to 20cm from the tip to allow 
for reasonable variation in the possible depths of penetration of any that had been used for hunting 
or fighting. Pickering (1992:14) notes that, when hunting large game, Garawa men preferred to aim 
at the lower abdominal area of their prey. Therefore, the length was not randomly selected but 
calculated by halving the approximate average abdominal depth (to the nearest 10cm) of a male Red 
Kangaroo (Macropus rufus), the largest Australian macropod (Curtis 2006:18). The average body 
length (measured along the curves of the body from the tip of the nose to the tip of the tail) of a 
sample of 239 males collected near Wilcannia, New South Wales was 220cm (Frith and Calaby 
1969:145,6). Based on this length, the proportionate depth of the average abdominal cavity was 
calculated to be approximately 39cm (refer to Figure 4.2).  
 
Figure 4.2. Calculation of depth of average abdominal 
cavity of Macropus rufus (Image courtesy Y. Silanesu; 
Johnson 2003). 
 
Recording Collected Data 
Systematic recording of all possible residues on each artefact is vital in functional analysis (Fullagar 
2006:208). In this research, results of the macroscopic and microscopic analyses were recorded and 
dated in labeled and numbered workbooks. These records included drawings and measurements of 
detected and identified residues, indications of use-wear, details of photomicrographs with nominal 
magnifications, and the results of biochemical tests. Photomicrographs and their details were 
downloaded onto a computer and the results of all analyses were also entered using Microsoft® 
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Excel or Word. All of the photomicrographs and data were transferred to compact discs for long-
term storage. 
Addressing Contamination Issues 
The legitimacy of any findings in residue analysis can be considered suspect if contamination 
occurs, that is, the presence of residues that are not related to the use-life of an artefact. Such 
contamination can occur in any context (Brass 1998:22,25; Fullagar 2006:208; Kealhofer et al. 
1999:527). Sources of contamination are sometimes unknown and therefore cannot always be 
controlled. Some types of contamination that are relevant to this study are discussed below. 
Storage, Packaging and Handling 
During the period of analysis, the archaeological sample from the Museum and Art Gallery of the 
Northern Territory Museum (MAGNT) was stored in the Archaeological Science Laboratory (ASL) 
in accordance with The University of Queensland Anthropology Museum (UQAM) loan terms. The 
laboratory has a constant temperature and humidity, suitable for curating fragile archaeological 
material. The facility also has a coded security lock and an alarm monitored by University Security, 
preventing unauthorised handling, theft and/or destruction of artefacts.  
The methods of packaging and/or handling of the post-contact spears during museum acquisition 
are not known, so it was impossible to gauge the types of contamination that may have occurred 
during these events. However, following acquisition, fibres from the common use of fabric gloves 
during museum curation were one type of expected contaminant, as were fibres from twine, and 
amorphous cellulose from cardboard labels, “zip-lock” bags housing the archaeological sample, and 
the plastic wrapping the experimental control spear. These contaminants are not discussed further.  
Soil Contaminants 
In the case of artefacts from excavated archaeological sites, phytoliths and starch granules in 
adjacent soils can contaminate culturally derived residues. To control for this type of soil 
contamination in standard field excavations, samples from the relevant strata should be analysed 
(Barton et al. 1998; Hardy and Garufi 1998:179; Kealhofer et al. 1999; Loy 1994a:96). However, as 
they were not available, soil samples could not be analysed in this research. While used spears are 
more likely to exhibit animal residues indicative of hunting for example or pigment residues 
possibly indicative of ceremonial use, any phytoliths, starch and other soil constituents on the 
spears are also likely to be culturally derived. As described in the ethnographic literature, the 
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environment in which the artefacts were manufactured, repaired, used and/or stored means they 
would likely have had contact with soil.  
Water Contamination 
Washing does not necessarily destroy use-related residues on artefacts (Loy 1994a:96) but may 
introduce contaminants. The presence of sponge spicules and diatoms on archaeological specimens 
may be indicative of washing or on-site wet sieving in a creek or river rather than an indication of 
artefact use in a marine or aquatic environment (Robertson 2006).  
Airborne Contamination 
Another potential source of contamination is airborne starch. Such contamination can occur when 
gloves coated with powdered starch are used in a laboratory (Loy 1994a:96). Starch, along with 
other airborne residues such as phytoliths (Folger et al. 1967:1243; Mulholland and Rapp Jr 
1992:2), diatoms (Folger et al. 1967:1243) and presumably pollen grains and spores, can also filter 
through air-conditioning systems. To monitor for such residues, microslides were placed in both 
museum spear storage areas during analysis, the UQAM on August 4th, 2004 and the Queensland 
Museum (QM) on July 17th, 2006. The slides were removed and mounted for microscopic 
examination (refer below for details) on August 4th, 2005 and February 9th, 2007 respectively. 
Microslides placed in the laboratory where the examination of the UQAM spears was undertaken, 
were monitored regularly, commonly revealing numerous starch granules, phytoliths, amorphous 
plant tissue fragments and occasionally feather fragments.  
Shelving Contamination 
Apart from those designated as toy spears that are stored separately, the UQAM spears were, at the 
time of this research, housed on corrugated Zincalume® shelving, unlike the spears in the QM that 
are stored in either notched wooden brackets above shelving or on foam sheets. Examination of 
spears during the sampling process revealed the UQAM shelves were coated with a fine gritty dust 
that could conceivably be transferred to artefact surfaces and cause wear marks.  
Prior to August 2013 (Margaret Rankin, Customer Consultant, BlueScope Steel Limited, pers. 
comm., September 2013), Zincalume® consisted of steel sheeting with an alloy coating, comprising 
similar quantities of zinc and aluminium and less than 2% silicon (Zincalume® Material Safety 
Sheet, March 2013), that protects the steel from corrosion (Technical Bulletin CTB-4 2003, 
BlueScope Steel Limited). Even in a dry interior environment, degradation or oxidation of the 
minerals in the zinc coating occurs, gradually increasing over time and requiring maintenance at 40 
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years (British Standard 5493 1977 Section 2, cited in Technical Bulletin CTB-4 2003, BlueScope 
Steel Limited). The shelves were installed in the museum during the curatorship of Dr Peter Lauer 
between 1970 and 1991 (Jane Willcock, Museum Operations Coordinator, UQAM, pers. comm., 
September 2013). Although the exact date that the shelves were installed is unknown, the gritty dust 
is likely to be a combination of aluminium oxide and zinc oxide. The following control experiment 
was devised to determine whether any dust had adhered to the spears or caused marks or striations 
on their surfaces when the spears have been moved: 
• A 463mm (millimeter) length of lancewood (Acacia shirleyi) (Woinarski and Fisher 
1995:379), 25mm in diameter and previously stripped of bark, was frozen in a domestic 
freezer from July 20th, 2004 to August 10th, 2004 to exterminate any insects that might 
damage museum artefacts (Dr L Satterthwait, The University of Queensland [UQ], pers. 
comm., 2004);  
• Low-magnification microscopic examination (refer below for details) of the lancewood 
surface was undertaken to record the presence of marks and any residues; 
• August 17th, 2004 - the lancewood was placed on a shelf in the UQAM spear-housing 
room; 
• After 22 days, the lancewood was rotated 10 times clockwise, 10 times anti-clockwise and 
then pulled back and forth along the shelf 20 times while rotating the stick 
simultaneously; and  
• The lancewood was then re-examined using low-magnification microscopy to determine 
the presence of any mineral particles and additional marks.  
Minimising Further Contamination 
While it is impossible to determine and control for all prior contamination, the following procedures 
were followed to minimise the potential for further contamination during analysis: 
• A micro-manipulator and/or carved wooden chocks lined with ‘blu-tack’ and covered with 
plastic ‘cling wrap’ were used to keep the spears off the laboratory bench. ‘Blu-tack’ 
covered with ‘cling wrap’ was also used to support each of the archaeological spear tips 
during examination. The ‘cling wrap’ was changed prior to each examination; 
• Fresh non-powdered latex gloves were worn while handling each spear during each 
procedure and during experiments; 
• Strips of ‘cling wrap’ were used as location markers; 
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• At the end of each examination, those artefacts on loan were re-wrapped in the original 
protective wrapping provided by the museum, or replaced in the appropriate museum 
storage bay; 
• Fresh ultrapure or Milli-Q water (MQW) was used for residue hydration; 
• Microslides were cleaned with 70% ethanol prior the application of hydrated residues; and 
• Residues were air dried under Petri dishes. 
Analytical Methods  
The following section describes the methods used to examine the sample of spears, providing 
details of the biochemical test used to screen for the presence of blood and concluding with an 
explanation of how residues were collated. 
Macroscopic Examination 
Macroscopic or morphological analysis permits the observation of factors such as design and 
workmanship; factors that aid the recognition of diversity within a class of artefacts such as spears 
(Loy 1993a:57). More importantly in this study, macroscopic examination permitted a hypothetical 
use/s for testing to be assigned to each spear in the research sample by comparing them with those 
of similar morphology recorded in the data sets of implements tabulated in Chapter 3. Each 
implement was photographed using a Canon® A620 digital camera. In addition, any distinguishing 
features such as the presence or absence of hafting and notches for spearthrower attachment were 
noted, as were any obvious instances of damage. The artefacts were also measured to the nearest 
millimeter using a Vernier caliper for attributes of the spearheads and a measuring tape for length 
measurements. Some length measurements, where shafts were very long and/or bent, are 
approximations.   
Macroscopic analysis included identification of the raw materials from which the spears were 
manufactured to a general level. Identification of the wood species of the implements would have 
permitted evaluation of their strength, flexibility and density, all significant criteria for selecting 
wood to produce particular tools. Such additional information can be used by researchers, especially 
those in museums, for conveying more of the meaning of the artefacts (Kamminga 1988:27). 
However, identifying wood to species level was not undertaken because it requires the destructive 
removal of clear sections (Robins 1980:51; see also Barker 2000; Taylor 1981:25; Mizuno et al. 
2010).  
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Low-Magnification Microscopy 
Following macroscopic observations, low-magnification microscopic examination with the aid of 
an external light source is the necessary next step in use-wear and residue analysis (Fullagar 
2006:212). In addition to the examination of the length of lancewood in the shelving experiment, 
low-magnification microscopy was used to view the analytical locations on the post-contact spears, 
and all of the surfaces of the archaeological sample. The purpose of this examination was to locate 
and photograph traces of wear on the stone spearheads and bone barbs, tip damage on the wooden 
spearheads, potential residues and/or contaminants (Fullagar 2006:214), and to clearly view specific 
areas for the application of water for residue removal when necessary. The edges adjacent to the 
analytical locations on the stone spearheads in the sample were also examined for indications of 
use. A Wild® stereo-binocular (6-30.6x) microscope, mounted with an Olympus® DP10 digital 
camera (Figure 4.3) set at the highest resolution of 3.2 million pixels was employed for this 
purpose. The DP10 camera cannot be directly attached to a computer for automatic scale 
calculations. Therefore, where possible, scale bars on photomicrographs presented in this thesis are 
based on the measurement of residues. This model camera was mounted on the three microscopes 
used in this study. The Wild® microscope has a graticule eyepiece for measuring, with each 
graticule segment being equivalent to 33.33µm (micrometre) at 30x magnification. Lighting was 
provided with a Micro-light® 150 fibre-optic lamp, except during the examination of Artefact 1300 
when, due to equipment malfunction, a Schott® KL1500 lamp was used temporarily.  
 Figure 4.3. Wild
® stereo-binocular microscope. 
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High-Magnification Microscopy 
While some residues are detectable at low-magnification, high-magnification microscopy is 
indispensable for identifying residues by their morphology and histology. Using high-magnification 
microscopy, specimens can be examined under either incident (direct) or transmitted light 
(examining microslides). Two forms of incident light provide different characteristics of specimens 
under observation that can assist the microscopist. In brightfield view, a column of light passes 
centrally through the vertical illumination system of lenses (Fullagar 2006:214) and shines through 
the material being observed (Chandler and Robertson 2009:129). In darkfield view, prisms funnel 
light around a pillar that obscures the central column of light, allowing the specimen to be lit from 
an oblique angle (Chandler and Robertson 2009:129; Fullagar 2006:214). The angled lighting 
shows specimens and surface features in three-dimensional relief (Fullagar 2006:214). While 
residues on microslides are sometimes easier to identify, some residues may be lost during transfer 
(for example, when they remain lodged in pipettes), resulting in the loss of crucial evidence. 
Bearing the latter point in mind and as advised by Fullagar (2006:212-213), incident, rather than 
transmitted light microscopy was attempted in the examination of the five spears from Mornington 
Island, the pilot study. 
Mornington Island Spears – The Pilot Study 
An Olympus® BHMJ microscope (Figure 4.4) was employed for high-magnification incident light 
microscopic examination of the spears from Mornington Island. The adjustable oculars (eyepieces) 
have 10x magnification and the objective lenses have 10x, 20x, 50x, and 80x magnification, giving 
combined nominal magnifications of 100x, 200x, 500x, and 800x. The BHMJ is fitted with a 
polarising filter and analyser and is mounted on an adjustable stand with a fixed, bench level 
platform that permits examination of larger objects.  
During high-magnification microscopy, the object under observation must be moved smoothly 
under the microscope at a controllable rate. A micromanipulator (Figure 4.4) and a stand to support 
a spear shaft were constructed by Windsor Davies (Microscope and Optical Instrument Services, 
Brisbane) to achieve such movement while observing the spears in the pilot study. However, the 
micromanipulator was not robust enough to move the spears smoothly while supporting their 
weight. The erratic motion of the spears made it extremely difficult to focus. After re-examining the 
locations of analysis on three spears using the apparatus and trialing transmitted light examination 
of some residues extracted onto microslides, it was determined that many residues were not being 
seen using incident light. Hence, the decision was made to prepare microslides from the remaining 
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Figure 4.4. Olympus® BHMJ microscope and micromanipulator. 
 
two spears in the pilot study and the remainder of the post-contact implements for transmitted light 
high-magnification microscopic examination. The Hemastix® tests were undertaken immediately 
following incident light high-magnification microscopy of the archaeological sample and the first 
three spears examined. For the remainder of the sample, the Hemastix® tests and microslide 
preparation were performed immediately after low-magnification examination. These procedures, 
details explaining transmitted light microscopy and a description of how the archaeological 
specimens were examined are provided below.  
Before continuing, it is pertinent to explain the likely consequences of the altered method of high-
magnification microscopy. Given the value of museum-housed wooden artefacts, the use of water to 
hydrate and extract some residues for transmitted light microscopic examination was deemed 
appropriate when used in tandem with incident light microscopy. However, not all animal tissue 
residues, especially those of adipose (fat) tissue, are readily removed from surfaces with water. 
Therefore, any minute traces of adipose and some animal tissue residues remaining on the spear 
surfaces were likely not detected using transmitted light microscopy. During aging, adipose 
components such as triglycerides (that occur in saturated fats) can alter their molecular structure or 
break down into free fatty acids, a process termed rancidification. Aged adipose tissues are mostly 
composed of oxidised saturated fatty acids that are quite durable (Evershed et al. 2001 cited in 
Langejans 2010:973; Newman 1998:49). Such residues have been extracted from ceramic artefacts 
with solvents, dried and then analysed to ascertain their origin using various procedures such as gas 
chromatography to separate the biomolecular components of the residue, mass spectrometry to 
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identify the biomolecular components and stable isotope analysis to relate the suites of identified 
biomolecules to the animals exploited by humans in the past (see for example Evershed 2008 and 
Soberl et al. 2008). The molecular structure of unsaturated fatty acid residues in ancient pottery can 
also be identified (Evershed 2008). To explore the possibility of achieving such molecular-level 
resolution by applying these procedures to a sample of wooden spears was beyond the scope of this 
research.  
Ames Hemastix® Test 
The Ames Hemastix® test that is used for forensic and urinalysis testing for the presence of blood is 
an informative screening step in residue analysis. The yellow pads on the Hemastix® test strips are 
chemically impregnated with a benzidene analogue that turns green in the presence of as little as 
0.5ηg (nanograms) of the blood peroxidase haemoglobin and/or the related protein myoglobin. The 
shade of green intensifies with any increase in blood concentration and is roughly qualifiable by 
comparing the test pads with the provided colour chart (Brass 1998:22; Fiori 1962:253; Haslam 
1999:64; Loy 1993a:62; 1994b:613; Loy and Dixon 1998:25). The addition of the chelating agent 
Na-EDTA (ethyleneiaminetetraacetic sodium salt) to the residual solution reduces the reaction to 
the soil constituents chlorophyll, vegetable and bacterial peroxidases, manganese dioxide (MnO2) 
and copper ions, overcoming the most common “false-positive” reactions (Fullagar et al. 1996; Loy 
1993a:62; Loy and Dixon 1998). A positive Hemastix® reaction following the addition of Na-
EDTA only indicates the presence of haemoglobin/myoglobin. Other microscopic evidence, 
described below, is required to confirm the presence of blood. Alternatively, various stains can be 
applied to slide-mounted blood residues, for example Wright’s stain that colours erythrocytes with 
their high levels of haemoglobin pink, permitting the identification of blood cells using transmitted 
lighting (Hoffbrand and Pettit 1993:12). The application of such stains was beyond the scope of this 
research. 
Hemastix® Protocol 
The following protocol for the use of Hemastix® was followed:  
1.  40µl (microlitres) of MQW for stone spearheads or 100µl of MQW for wooden spears and 
shafts was applied to each location for analysis using a Gilsen® P100 variable volume 
pipettor with a disposable plastic pipette tip; 
2. The droplet was left to soak, and periodically agitated gently with the pipette tip for 10 
minutes; 
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3. As much liquid as possible was transferred from the spear surface to a clean eppendorf 
tube; 
4. 10µl of the solution was applied to the corner of a Hemastix® pad; 
5. The reaction was read at 30, 60 and 90 seconds. The 30 second reaction is conservative 
and 1 minute is optimal. The reaction was scored on a scale of negative, non-haemolysed 
(intact erythrocytes), trace, small, moderate and large. The test pad remains yellow when 
the reaction is negative; “non-hemolysed” is represented by a speckled green reaction; 
“trace” is represented by a pale green reaction; “small” and “moderate” are increasingly 
deeper shades of green; and “large” is represented by an instant dark green, almost black 
reaction; 
6. If there was a positive reaction, 10µl of 0.5M Na-EDTA was mixed with 10µl of the 
residue solution in a separate clean eppendorf tube and the Hemastix® test repeated. A 
similar reaction indicates a presumptive positive reaction for haemoglobin /myoglobin;  
7. The remainder of the residue solution was retained for microslide preparation; and 
8. Control Hemastix® tests using only MQW were done for each spear. 
For ease of recording, the terms usually used to record the Hemastix® test results were coded with 
the numbers 0 to 5 (0 = negative; 1 = non-haemolysed; 2 = trace; 3 = small; 4 = moderate; and 5 = 
large). In this study, the Hemastix® protocol was necessarily modified from that followed by 
Robertson (2005:71-72) due to the extremely absorbent nature of wood, especially when dry and 
split, which resulted in too little residual solution remaining after agitation to proceed with the test 
and microslide preparation. Increasing the amount of MQW applied to each location on wood from 
10µl (Robertson 2005:71) to 100µl and reducing the agitation time from 20 minutes (Robertson 
2005:71) to 10 minutes overcame this problem. Another problem that emerged during residue 
removal was water dripping off spear tip edges that were too narrow. In these instances, either 
MQW was applied and removed once from acicular tips or twice from the opposing wide faces if 
the tip was flattish in cross section.  
Microslide Preparation 
Residue solution was transferred to a microslide using the following method outlined in Fullagar 
(2006:213): 
1. Each microslide was cleaned with a drop 70% Ethanol (EtOH) and a Kim-wipe®;  
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2. Each microslide was labeled with the relevant museum artefact number, location number, 
mountant used and the date; 
3. 10µl of the residue solution from each location was placed on the corresponding 
microslide, covered with a Petri dish and allowed to dry; and 
4. A Grade 1 small cover slip was either wet- or dry-mounted on the slide.  
Allowing residues to dry prevents their forcible ejection when cover slips are applied (Loy 
1994a:98). Residues cannot be clearly seen with transmitted light when they have the same 
refractive index as the mounting medium (Fullagar 2006:213). Generally, the mountant used in this 
research was Depex® (BDH Gurr Series, UK), which has a refractive index of 1.524. However, 
some residues, often fibrous in appearance, were occasionally observed during low-magnification 
examination. Attempts were made to remove such residues intact using sterile replaceable scalpels 
and placing them onto a drop of MQW on a clean microslide. These additional residues were 
allowed to dry under a Petri dish and then covered with a cover slip that was dry-mounted with 
drops of clear nail polish at each corner. For microscopic examination, 10µl of MQW was applied 
along an open edge of the cover slip with a pipettor to re-hydrate the residue through capillary 
action (Fullagar 2006:213).  
Microslide Examination 
Using transmitted light, an Olympus® BX60 microscope (Figure 4.5) was employed to examine the 
entire area of residue material on all microslides, including the contamination control microslides. 
To transmit light, this microscope has a condenser fitted with Köhler illumination using a quartz 
halogen lamp. The BX60 is also fitted with a rotating polarising analyzer and polarising filter, a 
measuring graticule eyepiece and a movable (X-Y) stage. The super wide-field oculars have 10x 
magnification and the objective lenses have 5x, 10x, 20x, 50x, and 100x magnification, giving 
combined nominal magnifications of 50x, 100x, 200x, 500x, and 1000x. Köhler illumination is 
eminently suitable for microslide examination and photomicrography because it provides evenly 
bright illumination of specimens without glare (Davidson and Abramowitz 1999:6). 
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Figure 4.5. Olympus® BX60 microscope. 
 
Examining the Archaeological Sample 
Each of the four archaeological spear tips from Anbangbang 1 was allocated a number for easier 
recording purposes (refer to Table 4.1). 
Table 4.1. Allocated artefact numbers for the archaeological sample. 
Originally Recorded Artefact 
Identification 
Allocated Artefact Number 
ANBBI R9 SW2-12 ANBB1-1 
ANBBI T8 2-17 ANBB1-2 
ANBBI U17 SE 1-6 ANBB1-3 
ANBBI U8 1 ANBB1-4 
 
As with all of the artefacts studied, the four tips were photographed and any distinguishing features 
were noted. Their small size permitted microscopic examination of their entire surfaces, achieved 
by scanning back and forth on one wider flatter side (view 1) and rotating them clockwise to 
examine their remaining three surfaces (views 2 to 4). The Wild® stereo-binocular microscope was 
used for low-magnification examination and, using incident light, the Olympus® BX60 microscope 
was employed for direct high-magnification examination. Due to their size, dryness and porosity, 
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the Hemastix® test was only undertaken near the tip on view 4 of ANBB1-2 and ANBB1-3, and 
views 1 and 3 of ANBB1-4. 
This section has explained the methods used to examine a sample of post-contact spears and 
harpoons and archaeological wooden points. As noted in the previous chapter, the artefacts in the 
research sample may have come in contact with and retained residues from many materials during 
their use-life. The microscopic structure of a range of such residues is now detailed. Additional 
analysis performed for residue identification and the recognition of microscopic traces of wear and 
manufacture are also presented in this section. 
The Histological Characteristics of Residues  
The detection and identification of microscopically observed animal, plant, fungal and mineral 
residues were based on their histological or structural characteristics, colour and optical properties. 
Photomicrographs of residues on comparative reference microslides held in the Archaeological 
Science Laboratory (ASL), University of Queensland, and microslides prepared by other 
researchers were used to aid the recognition of residues observed in this study. Relevant literature 
with descriptions and illustrations was also sought for comparison, a comprehensive example of 
which is included in Robertson’s (2005) study of backed artefacts. Before presenting the 
distinguishing characteristics of residues, two optical properties of light, birefringence and 
pleochroism, are defined. Both properties enhance the identification of many residues, which if 
based solely on histology can be inconclusive or inaccurate.   
Birefringence 
Transparent materials are said to be isotropic when the speed and direction of light passing through 
them is consistent (Esau 1958:54; James and Tanke 1991:86). However, in other materials, internal 
structures are ordered in a certain manner. Light rays travel at different speeds through these 
ordered structures and are refracted or deflected at different angles. Such materials are optically 
anisotropic (James and Tanke 1991:86). When light entering an anisotropic material is split into two 
components that are refracted in two perpendicular directions, the material is said to be birefringent 
(Chandler and Robertson 2009:148; Esau 1958:54; James and Tanke 1991:86; Wolman 1975:21).   
When viewed microscopically using cross-polarised light, birefringent objects appear shiny on a 
dark background. Birefringent material with a higher difference in its two refractive indices will 
appear brighter than material with a lower refractive index difference (Wolman 1975:21). The 
refractive index is “a measure of the speed of light in a transparent medium” (Heath 2005:269).   
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Pleochroism 
Many colours can be created when the different axes of optically anisotropic material are 
illuminated. This phenomenon is termed pleochroism (Heath 2005:249). The multi-coloured effect 
(depicted below in Figure 4.16) can aid in identifying many plant tissue components.   
Residues of Animal Origin 
Blood 
Mammalian blood consists of plasma, a viscous fluid containing albumin, globulins and fibrinogen 
(Guyton 1987:111), and cells, including red blood cells or erythrocytes (Guyton 1987:110) that 
transport oxygen in haemoglobin throughout the body (Guyton 1987:194; Hoffbrand and Pettit 
1993:17). Mammalian erythrocytes are non-nucleated (Guyton 1987:195) biconcave discs, 
approximately 8µm in diameter (Guyton 1987:194; Hoffbrand and Pettit 1993:20). In contrast, the 
erythrocytes of reptiles, fish, amphibians, and birds are all nucleated (Andrew 1965). 
When viewed on a stone using high-magnification with incident light, blood residues, ranging from 
thinner yellowish films to thick dark red to black smears, are quite reflective (Lombard 2008:39; 
Loy and Nelson 1986:180). Thicker dark red to black smears exhibit a characteristic polygonal or 
“mud-cracked” appearance (Lombard 2008:38; Loy and Nelson 1986:180; Robertson 2005:70). 
According to Robertson (2005:70), when present, red blood cells can be clearly observed using 
darkfield incident lighting.   
Muscle Tissue 
There are two major types of muscular tissue: skeletal muscle and smooth muscle. Skeletal muscle 
comprises numerous fibres that are usually the length of the muscle. The fibres, the diameters of 
which range between 10 and 80µm, are encased in a collagen membrane. A tendon fibre is fused at 
the end of the outer surface coating of the membrane encasing each muscle fibre. All of the tendon 
fibres of the muscle bundle together and attach to the bones (Guyton 1987:57). Within each muscle 
fibre there are many myofibrils on which there are two forms of filaments, myosin filaments and 
actin filaments. It is the optical properties of the myosin (A bands that are anisotropic) and actin (I 
bands that are isotropic) that provide the alternating dark and light striations across muscle fibres 
(see Figure 4.6) (Guyton 1987:57; Hoppert 2003:24; Lombard 2008:38). The striations aid 
identification of fragmented skeletal muscle tissue using both incident and transmitted light 
microscopy, as the anisotropic myosin bands are birefringent (Lombard 2008:38). 
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Figure 4.6. Striated muscle fibres, reference 
microslide of beef fillet, 500x. 
 
There are two main types of smooth muscle tissue: multiunit smooth muscle, consisting of 
individual, independently operating fibres, and visceral smooth muscle where the fibres are 
arranged in bundles or sheets (Guyton 1987:71-72). Smooth muscle fibres do not have the same 
diagnostic arrangement of myocin and actin filaments as skeletal muscle tissue (Guyton 1987:72) 
and are often less birefringent (Wolman 1975:24). Therefore, such fibres individually are rarely 
visually identified using incident light microscopy. Animal muscle tissue fragments can be detected 
as dull and opaque using transmitted light, bright with the polariser crossed and can vary in colour 
from pale yellow to dark brown (see for example Figure 4.7 and Figure 4.8). Other animal tissue 
components such as collagen fibrils are sometimes observed in association with muscle tissue 
(Lombard 2008:38).  
 
 
 
Figure 4.7. Muscle fibres on reference microslide of 
silver bream, Acanthopagrus australis (Grant 
1978:392), 100x.  
 Figure 4.8. Muscle fibres on reference microslide of 
silver bream, Acanthopagrus australis (Grant 
1978:392), 100x, cross-polarised. 
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White and Brown Adipose Tissue 
White adipose tissue, often referred to as fat deposits, and the liver are the main organs in mammals 
that store fat (Guyton 1987:533). Fat deposits occur under the skin and around the internal organs of 
the body (Tordjman 2013:67) and are composed of loosely connected lobules of specialised cells 
called adipocytes (Figure 4.9). Adipocytes largely consist of a single droplet of triglycerides and 
range in diameter from 10 to 150µm (Tordjman 2013:68; see also Saely et al. 2010:16). Fat 
deposits, incorporating adipocytes of various diameters, also occur under the skin and around the 
internal organs of fish (Weil et al. 2013).  
 
Figure 4.9. Lamb adipocytes, 500x, Olympus® BX51 
microscope with DP70 camera (image courtesy Dr 
Gail Robertson, UQ). 
 
Brown adipose tissue also occurs in mammals but the adipocytes contain numerous small vacuoles 
of triglycerides, abundant spherical mitochondria and numerous capillaries. Brown adipocytes vary 
in diameter and are usually polygonal in shape. The high density of mitochondria and blood vessels 
give brown adipose tissue its colour (Saely et al. 2010:17; see also Lombard 2008:38). 
Aged fat residue smears can persist on stone artefact surfaces and, under incident light, may appear 
birefringent, sometimes bluish when the polarised light is crossed and sometimes they turn opaque 
when the polariser is rotated (Lombard 2008:38). 
Collagen 
The major component of all connective tissue is collagen (Leeson and Leeson cited in Robertson 
2005:72). As noted above, thin collagen fibrillae occur in abundance in the outer surface membrane 
of skeletal muscle fibres (Guyton 1987:57) and as bundles in the intercellular spaces of animal 
tissue (Guyton 1987:231). Collagen fibrils also constitute the major component of bone. Salts, in 
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the form of hydroxyapatites of calcium and phosphate (Ca10(H2O)2(PO4)6(OH)2), are bound to the 
fibrils to give bone its strength (Guyton 1987:608).  
In discussing the optical effects of normal and diseased collagen using transmitted light 
microscopy, Wolman (1975:24-25) writes that older and diseased collagen is more intense in its 
birefringence than young and healthy collagen. Residue analysts who have observed collagen in 
different forms on replicated and archaeological artefacts and reference microslides describe a 
variety of optical effects. Robertson (2005:72), using incident light microscopy, notes that 
unravelling coiled collagen fibres can appear translucent and exhibit low birefringence. Haslam 
(1999:62) adds that there is little change in luminosity when such fibrils are viewed under cross-
polarisation. Scraped bone collagen may appear as smears and flakes with angular edges that are 
also translucent (Lombard 2008:38; Robertson 2005:72-73) while some tiny bone fragments, 
although white, may have a greasy appearance (Lombard 2008:38). Sheet collagen can exhibit a 
mesh-like structure that is readily detectable using transmitted light microscopy (see for example 
Figure 4.10). However, when the polarisers are crossed, this form of collagen almost disappears 
from view. Very old and dry bone may appear powdery (Fullagar 1986:187) with little or no 
birefringence and thus quite difficult to distinguish using transmitted light microscopy.  
 
Figure 4.10. Sheet collagen exhibiting mesh-like 
structure, 500x, cross-polarised (image courtesy J. 
Cooper, UQ).  
 
Hair 
Hair is a feature unique to all mammals (Hausman 1930:258). There are two main types of hairs: 
guard hairs that are longer and often heavily pigmented, and fine hairs or underhairs that are more 
numerous, finer, shorter and generally less pigmented than guard hairs (Day 1966:202). According 
to Day (1966:202), “a typical guard hair has a narrow proximal shaft portion with no constrictions, 
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followed by a broad shield section which eventually narrows into a fine tip”. Hair comprises an 
outer scaly cuticle, a cortex and a central medulla, all of which are keratinous (refer to Figure 4.11 
and Figure 4.12) (Day 1966:202; Hausman 1930:258, 260). The patterning of the cuticular scales, 
the medulla type and the shape of the cross section of a hair are often all used in the comparative 
identification of hairs to species level (Brown 1942:251-253; Day 1966:202). The presence and 
patterning of granules of pigment within the cortex may also aid in confirming hair identification 
(Brown 1942:252).  
 
 
 
Figure 4.11. Scaly cuticle of bat (Pteropus sp.) hair, 
1000x, brightfield, (image courtesy Dr G. Robertson, 
UQ). 
 Figure 4.12. Outer cortex and central medulla of red 
kangaroo (Macropus rufus) hair, 500x, cross-
polarised (Image courtesy Dr G. Robertson).  
 
Using either incident or transmitted light microscopy, fragmented artefactual hair can be detected 
by its cylindrical shape and, in less pigmented hair, a pale blue birefringence that is typical of 
keratin observed under cross-polarised light (Lombard 2008:39; Robertson 2005:74-75), and the 
presence of a medulla that appears black when its cells are filled with air (Brown 1942:252). When 
not damaged, the scaly cuticle can be observed under plane-polarised light (Robertson 2005:75).   
Feather 
Feathers are likely to be found in the archaeological record because they are resilient and able to 
withstand many taphonomic processes (Robertson 2005:78, 79). There are two main types of bird 
feather: large, rigid flight feathers found on the wings and tail and covering or contour feathers 
(Robertson et al. 1984:86). According to Robertson et al. (1984:86) and Robertson (2002:175), who 
use the nomenclature and definitions devised by Chandler (1916), all bird feathers have the same 
fundamental morphology. As illustrated in Figure 4.13, each feather has a central quill that 
comprises two segments, a small base called the calamus and a rachis to which are attached 
numerous barbs that look like tiny feathers. An aftershaft may grow from a small pore at the top of 
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the calamus. The rachi and barbs are collectively termed the vane. The section of the vane nearest 
the skin is termed downy or plumulaceous while the rest is referred to as pennaceous (Robertson 
2002:175-176; Robertson et al. 1984:86). The cells of each rachis and ramus are keratinised 
(Voitkevich 1966 cited in Robertson 2002:176). The barbules within the downy vane are termed 
downy barbules while most of the remainder are called pennaceous barbules. Each barbule has a 
flattened base that is attached to the ramus and a pennulum, consisting of jointed cells in a single 
layer. Pennaceous pennulums have microscopically visible hooklets while downy pennulums have 
nodes and sometimes prongs or shorter spines that are visible at higher magnification (Chandler 
1916:252-253; Robertson 2002:176).  
 
Figure 4.13. Feather components (after S. Bensusen in Dove 2000:13). 
  
The three types of pigments that provide the many colours of bird feathers are melanins, 
carotenoids and porphyrins. Carotenoids provide deep yellow and red tones and porphyrins give 
shades of reds, browns and greens. Granules of melanins, the most common pigments, are located 
within feather keratin and provide colours ranging from yellow to brown and grey to black (Proctor 
and Lynch 1993 cited in Robertson 2002:176). The structure of non-pigmented barb cells also 
affects colouring in feathers. Air-filled cells that are completely transparent reflect light while those 
that are not completely transparent appear blue (Robertson 2002:177). Feather is less birefringent 
and less pleiochroic under cross-polarised light than residues such as cellulose (Robertson 
2002:181). 
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The distinctive morphology of barbules enables differentiation between feather and other residues. 
In addition, the particular nodes and varying internode spaces of downy barbules differentiate 
groups of birds (Chandler 1916:270). While several bird Orders, including the Charadiiforme or 
wading birds (Dove 2000), have downy barbules displaying spines or longer prongs, most 
Falconiformes, namely falcons and caracaras, have less expanded nodes with prongs that are 
asymmetric (Robertson et al. 1984:89). Passeriformes, or perching birds, have expanded, vase-
shaped nodes that are uniformly distributed and often dark due to pigmentation (Robertson et al. 
1984:91). Downy barbules can be detected using either incident (Loy cited in Cooper and Nugent 
2009:209-210; Robertson 2002) or transmitted light microscopy. Transmitted light permits a 
detailed view for comparing the nodal pigmentation and morphology of downy barbules with those 
of a reference collection of known taxa. However, fragments of downy barbules that are found in 
residues often do not display adequate diagnostic characteristics (Dove 1997 cited in Robertson 
2002:177).  
Sometimes it is possible to detect feather mites on feather fragments. The term “feather mite” 
usually refers to mites from the class Arachnida, Order Acariformes, Family Astigmata (Beccaloni 
2009:161, 176). These tiny arthropods, the smallest of the arachnids (Beccaloni 2009:159) are 
ectoparasites, permanently living in the feathers or on the skin of their avian hosts (Mironov and 
Proctor 2005:3297). The exoskeleton (outer covering) of mites consists mainly of the 
polysaccharide chitin (Beccaloni 2009:9; Castle 1936:797). Chitin is optically anisotropic, refracts 
light in two rays and is therefore, birefringent (Castle 1936:797). For the morphological comparison 
of the minute details that is necessary for the identification of the thousands of mite species, 
acarologists mount them using mediums such as Heinze plyvinyl alcohol (Mironov and Proctor 
2005:3298) or Faure medium (Mironov et al. 2005:2258).   
Fish Scales  
The elasmoid scale is the most commonly occurring teleost (bony fish) scale (Kapoor and Khanna 
2004:54, 57). A teleost scale consists of two layers of collagenous tissue (Kapoor and Khanna 
2004:60). Calcified ridges or circuli mark the upper collagenous layer. Some circuli have a fine 
dentate edge (Kapoor and Khanna 2004:57). The outline and surface variation of scales from 
different parts of a fish body vary greatly, however, comparison with published atlases permits 
possible identification of fish scales to the level of Family or lower (Casteel 1974:561, 576).   
In order to microscopically observe fish scales, especially those that are dry and curling, they can be 
soaked in water, mounted onto a drop of gum arabic solution on a slide, and then covered with a 
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cover slip that is then weighted down (Uphoff 1948:62). Alternatively, moistened aged or fresh 
scales can be placed between two securely taped slides. Reference slides prepared in the latter 
manner by Dr Vojtech Hlinka (UQ, 1998-1999) were examined and demonstrate that the 
collagenous tissue almost disappears under cross-polarised transmitted light while the birefringent 
calcified ridges retain a bright sheen (refer to Figure 4.14).   
 
Figure 4.14. Fish scale, squire, Chrysopheys auratus, 
(Grant 1978:388), 200x, cross-polarised (image from 
microslide prepared by Dr V. Hlinka, UQ).   
 
Sponge Spicules 
The number of existing sponge (Porifera) species in the world is approximately 8,000. They are 
generally asymmetrical in shape, range in height from a few millimetres to more that a metre and 
are often brightly coloured in hues of orange yellow, green, purple or red (Ruppert et al. 2004:77- 
78). Porifera, although resembling plants, are extremely porous animals that filter-feed organic food 
particles from water, mostly seawater (Ruppert et al. 2004:77). Although some species can move a 
little (Ruppert et al. 2004:85), they generally live in a shallow marine environment, anchored in 
sediments or attached to rocks and other submerged materials (Ruppert et al. 2004:78). Glass 
Porifera usually live in deep sea (Ruppert et al. 2004:78) while around 150 other species, the 
Spongillidae Family of Porifera, reside in fresh water (Ruppert et al. 2004:78; Williams 1968:24). 
Spongillidae are present in most inland Australian waterways (Racek 1969:304).   
The parts of Porifera that survive in the archaeological record and many surface soils are spicules, 
the skeletal remains of sponges (Ruppert et al. 2004:85). In Australia, some Spongillidae have 
retained morphological attributes since the Upper Pliocene, around five million years ago (Racek 
1969:304). As well as the sponge spicules that wash ashore, Wilding and Drees (1968:92), citing a 
number of researchers, note that the occurrence of sponge spicules in soils is also not rare and can 
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be attributed to the landscape being previously wetted by ponds or lakes, or the result of aeolin 
transport from aquatic sources. There is also the probability that animals’ feet transport spicules. 
Unfortunately, based on morphology alone, damaged and fragmented Porifera spicules cannot be 
differentiated as either of aquatic or marine origin (Wilding and Drees 1968:92).  
Sponge spicules can be siliceous (SiO2) or calcareous (CaCO3) (Ruppert et al. 2004:85) in both 
calcite and aragonite crystal form (Uriz 2006:323) although the majority, the Demospongiae 
(including all of the freshwater sponges), are siliceous. Calcareous spicules are anisotropic 
(Aizenberg et al. 1995:262) and highly birefringent (James and Tanke 1991:86). In contrast, 
siliceous spicules are isotropic (Wilding and Drees 1968:94), not birefringent, and disappear from 
view under cross-polarised transmitted light. 
Aragonite  
Aragonite consists of a combination of calcium carbonate or calcite (CaCO3) and proteins and ß-
chitin (Kübel et al. 2009:900). Very thin tiny polygonal platelets (up to 10µm wide and 500ηm 
thick) of aragonite, cemented with organic macromolecules form an inner structural layer, usually 
under an outer layer of calcite, in the shells of many molluscs such as snails, clams and mussels. 
This structural layer is commonly called mother-of-pearl or nacre and provides strength to the shell 
(Giles et al. 1995:8; Kübel et al. 2009:900). Like other calcite crystals that are anisotropic 
(Aizenberg et al. 1995:262), aragonite is highly birefringent and iridescent (Kübel et al. 2009:900).  
Spherulites 
Microscopic spherulites self assemble into rather regularly patterned layered crystals in many 
natural systems. Faecal spherulites of calcium carbonate (CaCO3), typically ranging from 5-15µm 
in diameter, develop in the lower half of the small intestine, mostly in ruminants (Canti 1999). 
Avian and reptile spherulites of uric acid (C5H4N403) range in diameter from 2-8µm. Avian 
spherulites disaggregate in water so they are mainly found in arid or covered areas (Canti 
1998:442). In addition to animal spherulites, volcanic mineral spherulites occur in many soils 
(Morse et al. 1932:421). Spherulites have also been observed in aragonite, pyrite, haematite, flint, 
chert, phosphates and clays (Twenhofel 1926 cited in Canti 1997:221-222). 
Spherulites typically display a dark “Maltese cross” under cross-polarised transmitted light (Krebs 
et al. 2004:14420) but, unlike those in starch granules, the cross in spherulites is fixed (Canti 
1998:438). The development of the different mineral spherulitic crystals results in distinctive 
optical properties. Faecal spherulites of calcium carbonate (CaCO3) are birefringent crystals that 
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also display bright interference colours. Avian and reptile spherulites are highly birefringent and 
display distinctive black markings under cross-polarised light (Canti 1998:442). Volcanic mineral 
spherulites display a weak birefringence cross (Morse et al. 1932:421).   
Plant Tissue Residues 
Plant tissue fragments occur in abundance in soils and often have no definitive morphology. In the 
majority of cases, however, such fragments can be identified as plant tissue as they consist of cell 
walls of cellulose. Cellulose is comprised of a complex carbohydrate in the form of glucose 
molecules (Weier et al. 1982:674). The glucose molecules are organised in an orderly lattice-like 
framework and are therefore, anisotropic and birefringent (Esau 1958:53-54), and often pleochroic. 
As well as amorphous plant tissue fragments (see for example Figure 4.15), diagnostic plant tissue 
components such as those depicted in Figure 4.16 can also occur individually in soils. Details of 
some of the numerous plant tissue components that are not all composed of cellulose and hence 
birefringent, follow below. 
 
Figure 4.15. Amorphous fragments of plant tissue in 
hydrated soil, 200x, cross-polarised. 
  
 
 
108 
  
 
Figure 4.16. Vessel elements and bordered pits in scraped xylem of rose apple, Syzygium 
jambos (identified by W. Harris, Queensland Herbarium), 100x, cross-polarised. 
 
Trichomes 
Trichomes or plant hairs (see for example Figure 4.17) are uni- or multicellular structures of 
conical, tubular and other forms that protrude from the epidermis or outer layer of plant surfaces 
such as stems, leaves and roots (Esau 1958:153, 156; Weier et al. 1982:679, 697). The cell walls of 
plant hairs are commonly of cellulose and are therefore, birefringent. 
 
Figure 4.17. Trichomes on grass epidermis, 500x, 
darkfield (image courtesy Dr G. Robertson, UQ). 
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Simple and Bordered Pits 
A bordered pit (refer above to Figure 4.16) consists of a stretched cell wall border that extends over 
a chamber containing a diaphragm-like primary cell wall (Esau 1958:41; Weier et al. 1982:128, 
673). A simple pit does not have the overarching border (Esau 1958:41; Weier et al. 1982:695). 
Both types of pits occur in tracheids and vessel elements, the water and mineral conducting cells in 
the primary xylem of stems (Weier et al. 1982:128) as well as in the secondary xylem of branches 
and trunks of angiosperms (Weier et al. 1982:140-141, 143), the flowering and fruiting plants.   
Pollen and Spores 
In the reproduction of angiosperms and most gymnosperms such as conifers, pollen grains that are 
usually transported by wind or animals carry the male generative cell to the female flower part 
(Ladd 1988:3; Pearsall 2000:251; Raven et al. 1999:431). Spores are seedless plant cells that do not 
unite with other cells for plant reproduction (Weier et al. 1982:696).   
Pollen grains consist of the living cell, an exterior wall (exine) and an interior wall (intine) (Nepi 
and Franchi 2000:46; Pearsall 2000:251; Raven et al. 1999:504-505). In many species of 
angiosperms, there is also an outer coating over the exine called pollenkitt or pollen coat, consisting 
of relatively isotropic lipidic material and proteins that protects the male cell from dehydration 
(Murphy 2006:31; Nepi and Franchi 2000:49). The exine contains sporopollenin, a polymer of 
mainly carotenoids (Nepi and Franchi 2000:52; Raven et al. 1999:504-505) that is resistant to 
decay, especially in anaerobic acid environments (Ladd 1988:3). The pollen intine consists of 
cellulose and pectin (Esau 1958:543; Raven et al. 1999:504) and the interior of a pollen grain can 
hold either starch or oils (Raven et al. 1999:504). Sporopollenin is also present in the layered walls 
of spores (Raven et al. 1999:504).  
Pollen grains and spores vary in size from <20µm to >250µm (Raven et al. 1999:504). There is also 
marked variation in the microscopically visible exine sculpturing of these microfossils such as 
depressions, spines and reproductive apertures (Esau 1958:543). Spores can usually be 
distinguished by the presence of characteristic y-shaped sutures rather than the germinating pores 
and furrows visible on pollen grains (Raven et al. 1999:506). The morphological features and 
colours produced by the carotenoids permit easy recognition of most pollen and spores under 
transmitted light microscopy. As the exine can retain its structure for many thousands of years 
(Weier et al. 1982:286-287), palynologists can identify ancient pollen and spores in soils to provide 
information about the past ecological settings in which humans lived (Ladd 1988:3, 5). 
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Phytoliths 
While crystals of calcium oxalate are produced in some plants such as the Cactaceae (cactus 
Family) (Pearsall 2000:358), phytoliths are structures of silica (SiO2) (Portillo et al. 2006:121), that 
is, crystals formed from monosilicic acid that has been absorbed from groundwater by plants 
(Piperno 1988:12; Piperno and Pearsall 1993:9). Phytoliths can be transported in water (Mulholland 
and Rapp Jr 1992:2), by wind (Mulholland and Rapp Jr 1992:2) and in dust storms (Folger et al. 
1967). After their release through plant death and decay, inorganic phytoliths survive in soil for a 
long time (Mulholland and Rapp Jr 1992:2; Piperno 1988:1; Piperno and Pearsall 1993:9) although, 
dependent on their morphology and the surrounding soil, some phytoliths are prone to weathering 
and dissolution (see also Baker 1960; Boyd et al. 1998:217). Parr (2006) also notes that dull and 
opaque discolouration of archaeological phytoliths indicates they have been burned.   
Although silica deposition is not prevalent in all plant families, phytoliths form in and between the 
cells of many angiosperms and gymnosperms (Mulholland and Rapp Jr 1992:2; Pearsall 2000:360; 
Piperno 1988:21, 23-37). They are found in the epidermis and hypodermis (outermost cellular 
layers of the primary plant body), mesophyll (leaf tissue), sclerenchyma (lignified supporting 
tissue) and vascular tissue (the phloem or food conducting tissue and xylem or water conducting 
tissue) (Piperno 1988:53). Thus, unlike pollen grains that are unique to plant species (Boyd et al. 
1998:217), phytoliths of many varieties can be produced by a single plant (Fredlund and Tieszen 
1994:323). In addition, many of the same phytolith forms have been found across plant subfamilies 
such as some of the grasses (Mulholland and Rapp Jr 1989). Phytoliths are generally classified 
according to such criteria as their shapes, length and breadth, whether they have spikes and/or lobes 
and whether their edges are curved, straight, serrated or smooth (Pearsall and Dinan 1992:39-40). 
An ‘International code for phytolith nomenclature’ to standardise terms was also devised and 
published in 2005 (Madella et al. 2005). Using a variety of microscopes and comparative reference 
samples (see for example Lentfer 2003; Wallis 2003) to aid in their identification, archaeologists 
have found that some phytolith morphologies can be taxa-specific.  
Opaline silica phytoliths are isotropic and disappear from view under cross-polarised light. Their 
morphologies, pitted surfaces and lack of axial filaments permit their differentiation from sponge 
spicules (Wilding and Drees 1968:94). Although isolated phytoliths are very difficult to detect on 
surfaces using incident light microscopy, they are clearly visible on both dry- and wet-mounted 
microslides using transmitted light.  
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Starch Granules 
Starch granules constitute the major food storage and energy producing components in plants 
(Piperno and Holst 1998:766). They develop within plastids, either amyloplasts or chloroplasts that 
are cells located in parenchyma tissue in the cortex, under the outer cells of the epidermis of stems, 
leaves, roots and in root crops (Esau 1958:27; Tester cited in Gott et al. 2006:35; Weier et al. 
1982:123, 156, 183). Starch gains can remain separate within a plastid or they may grow together as 
compound granules (Esau 1958:27).  
Starch granules are hydrated and grow by the accretion of lamellae (layers) from a hilum nucleation 
point. The lamellae consist of the sugars amylopectin and amylose. Hilum shapes also vary and can 
be lobed, rounded, stellate or forked. Their position in a granule can be in the centre or off-centre 
(Loy 1994:89). The long chain-like amylose and amylopectin molecules form an orderly lattice-like 
structure similar to cellulose that results in starch granules being optically anisotropic and 
birefringent (Sterling cited in Esau 1958:26; Gott et al. 2006). A distinctive identifying aid to 
recognising a starch granule is the presence of an “extinction cross “ that radiates from the hilum 
and appears to rotate when the polariser is turned (Gott et al. 2006:44). The morphological features 
of starch granules vary considerably and they can vary between species and within species, for 
example, diameters for wheat granules can range between 30 and 45µm while those for potatoes 
range from 70 to 100µm (Esau 1958:26).  
Raphides 
In addition to depositing silica, many plant families, including the aroids, palms, bananas, 
pandanus, yams (Crowther 2009b:103; Prychid and Rudall 1999:725), and some asters (Meric and 
Feruzan 2004), produce crystals of mostly calcium oxalate monohydrate (CaC2O4.H2O) 
(whewellite) or calcium oxalate dihydrate (CaC2O4.2H2O) (weddellite) (Sterling 1965 and Arnott 
1965 cited in Bouropoulos et al. 2001:1881; Franceschi and Nakata 2005:44). Four of the five 
forms of these biominerals are styloids, crystal sand, druses and prismatics (Horner and Wagner 
1995 cited in Crowther 2008:106; Franceschi and Nakata 2005:44). The fifth type comprises those 
of a generally acicular shape called raphides (Franceschi and Nakata 2005:44; Sakai 1979:271).  
In some plants, raphides occur extracellularly, often in association with developing pollen (Barabé 
et al. 2004:181-182). Crowther (2008:109) notes that raphides are likely constituents of soil as 
many hundreds can be released from plant idioblasts that can be found in almost all plant tissue 
types, including roots, tubers, stems, leaves, seeds (Horner and Wagner 1995 cited in Nakata 
2003:901, 903; Prychid and Rudall 1999:726; Raven et al. 1999:54; Sakai 1979:269; Weier et al. 
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1982:123). In addition, although they can be damaged physically (Mulholland and Rapp Jr 1992:4), 
they are quite resistant to chemical degradation, being only slightly insoluble in water and insoluble 
in organic acids and alkalis. Thus, raphides can remain in most soil environments where many other 
plant constituents have perished (Monje and Baran 2002 cited in Crowther 2008:108).  
There are four morphological types of raphides, the most common being Type I, a four-sided crystal 
with symmetrical ends. Some raphides are hexagonal in cross-section and some have barbs while 
other crystals that are square in cross-section have asymmetrical ends and grooves on opposite sides 
that run almost their entire length (see Crowther 2008:110-112 for further details; Crowther 
2009b:105-106; see also Prychid and Rudall 1999:726, 729, 731). Raphides vary considerably in 
size. Examining the morphology of raphides in a sample of taros for example, Bradbury and Nixon 
(1998:612) found the thinnest raphides were 0.5µm in diameter, the thickest 3µm wide, the shortest 
30µm and the longest 220µm. Some raphides are also curved (Bradbury and Nixon 1998:613). 
When using light microscopy alone, the overall acicular appearance, birefringence (Crowther 
2008:112; Prychid and Rudall 1999:725) and pleochroism (Crowther 2008:112) of these crystals 
permits recognition at a general level. 
Diatoms 
Bacillariophyta, or diatoms, are unicellular algae that can be found in marine and aquatic 
ecosystems and their adjacent damp surface soils (Cox 1996:1), often aggregated in colonies (Hasle 
and Syvertsen 1996:7). Freshwater diatoms can also be transported in dust storms (Folger et al. 
1967:1243). The number of diatom species is estimated to exceed 100,000 (Hasle and Syvertsen 
1996:6 citing Round and Crawford 1989) and they range in size from approximately 2µm to 2mm 
(Hasle and Syvertsen 1996:6).  
Using light microscopy, diatom families, genera and many species have been classified according to 
their cell wall or frustule morphology (Cox 1996:8), often described as a “pill box” shape (Cox 
1996:1, 8). Frustules are siliceous (SiO2) microfossils (Bathurst et al. 2010:2920) that, like opal 
phytoliths and sponge spicules, disappear under cross-polarised transmitted light microscopy. In 
general terms, diatom frustules consist of two valves and a cingulum (girdle) that consists of several 
linking bands or copulae (Cox 1996:1, 2), the number and width of which is dependent on the 
species (Cox 1996:3). As diatoms do not readily decompose, their presence and identification have 
been used in paleoclimatic and lake history research (Cox 1996:1).  
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Charcoal 
Charcoal is generally thought of as burned black wood. Ash in soils contains minute fragments of 
charcoal and minerals but mostly burned plant tissue remains (Canti 2003:341). Plant tissue 
component such as calcium oxalate druses, styloids, raphides and prismatics are not destroyed by 
fire and reform after cooling into crystals of calcium carbonate with altered colour and morphology 
(Canti 2003:347-349). Siliceous phytoliths experience similar transformation (Canti 2003:348-349; 
see also Parr 2006). 
Fungal Residues 
The Fungal Kingdom is large and diverse with nearly 70,000 described species (Alexopoulos et al. 
1996:3). Species determination of fungi is often controversial because fungal phyla include rusts, 
mildews, lichens, moulds and mushrooms. Unlike plants, fungi lack chlorophyll and cannot 
photosynthesise organic food but survive as saprotrophs and/or parasites (Alexopoulos et al. 
1996:29), absorbing nutrition through their cell walls and plasma membranes (Alexopoulos et al. 
1996:28). Living as parasites, fungi feed on animals, plants and occasionally others of their 
Kingdom (Alexopoulos et al. 1996:29). As saprotrophs, feeding off decaying or dead organic 
material, fungi form a major constituent of soil and are the main agents in organic decomposition 
(E. Paul and F Clark 1996 cited in Haslam 2006:116; see also Alexopoulos, 1996:29). In simple 
terms, most fungi consist of a system of feeding, transparent or hyaline threads (the mycelium) 
(Weier et al. 1982:502), a single branch of which is called a hypha. Hyphae are bounded by a firm 
hyphal wall and are usually segmented into cell-like units by septa (Alexopoulos et al. 1996:30; 
Griffin 1994:3). Many fungi can reproduce sexually as well as asexually when spores are the result 
of reproduction (Alexopoulos et al. 1996:49). Spores are produced in many ways and are often 
coloured various shades of brown. There is also great variation in the size and morphology of 
spores (Alexopoulos et al. 1996:50).   
In light microscopy, fungal detection is based on the observation of hyphae and spores (Haslam 
2006:116). Fungal cell walls largely consist of the polysaccharide chitin (Alexopoulos et al. 
1996:32-33; Castle 1936:797) that is optically anisotropic and thus birefringent (Castle 1936:797). 
Therefore, they appear shiny when observed using incident light microscopy (Haslam 2006:117-
118). Some hyaline asexual spores, termed conidia, are produced on the sides or tips of hyphae 
(Alexopoulos et al. 1996:51). Conidia display an extinction cross that is similar to those observable 
on small (<5µm) starch granules (Haslam 2006). As depicted in Krings et al. (2009:451), fungal 
spore and hyphae palynomorphs (microfossils) appear brown under transmitted light microscopy, 
and tend to disappear under cross-polarisation. Krings et al. (2009:452) point out that it is extremely 
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difficult to distinguish parasitic from saprotrophic fungal remains when the state (alive or in the 
processes of decay) of the host at the time of colonisation is unknown. The authors also point out 
that some parasitic fungi survive as saprotrophs following the death of their host (Krings et al. 
2009:452). Therefore, the majority of fungal remains detected on the surface of ethnographic and 
archaeological wooden spears are likely to be saprotrophic, especially those in association with 
other soil constituents adhering to spear surfaces. 
Mineral Residues 
In addition to ash, described above, many minute colourful minerals were observed on all of the 
microslides examined in this research. These minerals were simply termed soil particles and there 
abundance was qualified according to their thin, medium or thick spread (see below). Pigments 
constituted the other major minerals observed. 
Pigments 
Although the majority of authors ascribe pigment as ochre, others note various sources (see for 
example Spencer 1969 [1904]:723; Roth 1984 [1897]:141). Relating to pigments in Arnhem Land, 
Taçon (2004:34 citing Chaloupka) summarises pigment sources as:  
“White: kaolin clays most common, also gypsum, burnt selenite, calcite, huntite 
(Calcium magnesium carbonate) 
Yellow/brown: limonite 
Red: haematite, including a purple of ore grade quality, laterites, ferruginous 
sandstone, iron oxide stained clays, also made from burning/heating yellow 
ochre 
Black: charcoal, manganese”.  
Microscopically observed with high-magnification incident light, pigments appear bright in colour 
and granular in texture, although, if they have been mixed with animal fats or other substances, they 
may appear greasy (Robertson 2005:85). Viewed under low-magnification, pigment colours are also 
bright, however, the diagnostic granular appearance is indistinct. Under transmitted light, individual 
granules of red and yellow minerals can sometimes be distinguished amongst soil particles. 
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Additional Analyses for Residue Identification  
Microscopy alone is inadequate for accurately identifying all detected residues. Some residues may 
be too degraded for identification. When the morphology of a residue is recognisable, identification 
may require verification with further analysis and/or specialist assistance (Loy 1993a:61; Loy and 
Dixon 1998:33). The identification of biological residues to any taxonomic level also requires 
specialist assistance. The additional analyses performed and assistance provided in this research are 
described in this section.   
Identification of Phytoliths 
Although they alone are not indicative of spear use, phytoliths from different plant families on a 
single implement could provide additional evidence of its contact with soil. Due to multiplicity (the 
production of numerous morphological types of phytoliths by an individual plant) and redundancy 
(the occurrence of the same type in different plants), accurate identification of these microfossils 
depends on the use of a combination of categorisation methods (Boyd et al. 1998:217). One method 
is the compilation of reference material, for example, the leaf phytoliths of numerous flora in 
northwest Australia, developed by Wallis (2003). Such an undertaking was beyond the scope of this 
research. So, in addition to referring to relevant literature (for example Pearsall 2000) for 
identification, specialist assistance was provided by Dr Carol Lentfer (UQ), who examined many of 
the photomicrographs of observed phytoliths. The nomenclature used in general descriptions of 
observed phytoliths is from Madella et al. (2005) or that provided by Dr Lentfer. 
Verification of Raphides 
When using light microscopy, it is sometimes difficult to distinguish needle-fibre calcium carbonate 
(CaCO3) crystals (that have blunt ends and similar optical properties) from broken calcium oxalate 
raphides (Crowther 2008:112-113). Such calcite crystals have been identified on potsherds formerly 
from marine environments (Crowther 2008:113). Raphides were identified on two spears from 
Bentinck Island during high-magnification microscopic examination of the ethnographic sample. 
Two methods: the acetic acid test and micro-Raman spectroscopy, were used on extracted raphides 
on one dry-mounted microslide from one of the implements to confirm their identification.  
Acetic Acid Test 
A 5% solution of acetic acid, known to dissolve calcite but not calcium oxalate (Crowther 
2008:114), was applied along one edge of the coverslip and drawn across the residue by capillary 
action with the aid of filter paper. Residues containing probable raphides were then re-examined 
using transmitted light microscopy to examine whether the crystals remained.  
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Micro-Raman Spectroscopy 
Micro-Raman spectroscopy is a very useful method for identifying mineral samples (Goodall et al. 
2007:667). In Raman spectroscopy, the particles of energy (photons) from an incident laser light 
excite molecules in a target sample. As the photons scatter from the vibrating molecules they lose 
(or gain) energy. The energy loss or gain is unique to the chemical bonds of the sample molecules. 
A Raman spectrum is a plot of the scattered intensity of the energy difference between the incident 
and scattered photons as seen in wavenumbers (Mahadevan-Jansen and Richards-Kortum 
1997:2722). In addition to publishing the unique plots as references, researchers also record the 
wavenumbers where bands characteristically peak for sample molecules. Using a Nd/YAG laser 
with excitation at 1064nm, Edwards et al. (2000:247) recorded the characteristic Raman bands  
(cm-1) for whewellite at 1496 s, 1464 s, 906 m, 506 m and for weddellite at 1472 s, 900 m and 
502 m (Edwards et al. 2000:249).   
The Raman spectra of the molecular constituency of one of the probable raphides was directly 
recorded by Dr Rosemary Goodall in February 2008 at the Queensland University of Technology 
(QUT) using a Renishaw® inVia spectrometer. The instruments comprised a Leica microscope with 
a 50x objective attached to a spectrograph equipped with a charged coupled device (CCD) detector 
that is electrically cooled. A Renishaw diode laser emitting at 785nm provided excitation. 
Integration time was 50 s with up to five accumulations with the laser power lowered using an 
optical filter to approximately 0.7 mW at the sample. The laser power was reduced to avoid 
inducing thermal changes in the mineralogy (Dr Rosemary Goodall, QUT, pers. comm., February 
2010) (see also Goodall et al. 2008:11).  
Verification of Possible Resin  
As illustrated in the ethnographic literature, fixatives such as plant resins and beeswax, were 
commonly used by Aboriginal Australians to bind the hafting arrangements of many spears. 
Although unlikely to be use-related, the presence of a possible resinous coating over the entire outer 
surface of one of the Lardil spearheads examined prompted further inquiry. Permission was granted 
by Dr Leonn Satterthwait (UQAM) to scrape a tiny amount of this material for the following 
analysis that was undertaken by Dr Rosemary Goodall at QUT in February 2008.  
Micro-attenuated Total Reflectance Infrared Spectra 
Fourier transform infrared (FTIR) spectroscopy measures the absorption of many frequencies of 
light by almost all molecules, whether organic or inorganic. The wavelength of light absorbed is 
characteristic of chemical bonds in the sample. Thus, like Raman spectroscopy, FTIR imaging can 
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provide spectral information about the chemical constituency of materials (Derrick 1989:43; 
Franquelo et al. 2009:405; Goodall et al. 2008:10). An unknown sample is usually identified by 
matching its spectrum with that of a known substance (Derrick 1989:43). Research incorporating 
FTIR spectroscopy includes the study of painted wooden carvings and wall decorations (Doménech 
Carbó et al. 1997), painting on leather (Ganitis et al. 2004), and painted Maya stucco (Goodall et al. 
2008). In a study of natural materials used in furniture finishes, Derrick (1989:47) used a Digilab® 
15-E FTIR spectrometer to record characteristic and comparable bands for beeswax, linseed oil (of 
flax plant origin), shellac (of insect origin), and sandarac and gum arabic (of tree origin) (Figure 
4.18).  
 
Figure 4.18. FTIR spectra for beeswax, sandarac, shellac, linseed oil and 
gum Arabic (Image after Derrick 1989:47). 
 
Spectra of a fragment of the possible resin from the Lardil spear were recorded using a Nicolet® 
Nexus 870 FTIR spectrometer equipped with an ATR (attenuated total reflection) objective 
incorporating a diamond internal reflection element (Thermo Electron Corp., Madison, U.S.A.). 
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The sample was placed directly onto the ATR diamond crystal. The system was equipped with a 
liquid nitrogen-cooled mercury cadmium telluride (MCT) detector. Spectra were recorded with a 
resolution of 4cm-1 and a range of 4000 - 650cm-1 for 128 co-added scans. All spectra were ATR 
corrected using OMNIC® software (Thermo Electron Corp., Madison, U.S.A.) (Dr Rosemary 
Goodall, QUT, pers. comm., February 2010). 
Identification of Animal Remains 
Photomicrographs of hair observed on microslides were sent to Dr Barbara Triggs (biologist, 
Genoa, Victoria) for identification. One hair fragment observed with incident light was tentatively 
identified by referring to Loy et al. (2002:19). Although assistance was sought, fragments of insects 
and worm-like creatures detected on microslides were too degraded for identification and are 
therefore not discussed further. However, one feather mite was tentatively identified as such based 
on its context and by comparing its gross morphology with illustrations of such arachnids in 
relevant literature by Mironov and Proctor (2005) and Miranov et al. (2005). During experiments 
(refer to Chapter 5), some entire insects were recovered and identified to Family Level by referring 
to relevant literature, notably Burwell (2007), New (1991) and Norris (1991).  
Collation of Residue Data 
In order to present the results of the residue analyses for each location on the spears consistently, 
the data was collated in the following manner. As explained above, Hemastix® test results for each 
location examined on the spears were recorded on a scale of 0 (negative) to 5 (large). Based on their 
observed spread, terms and values were provided for pigment residues and soil particles and other 
likely soil constituents such as plant tissue, spherulites, charcoal and aragonite (Table 4.2). The 
designated terms for these residues was comparative (see for example Figures 4.19, 4.20 and 4.21) 
and therefore, subjective. Counted residues, including fragments of muscle tissue, feather fragments 
and starch granules were also given a term and value (refer to Table 4.3). Any tentatively identified 
residue is discussed separately. Collating the residue data in this manner permitted qualitative 
comparisons between different locations on each spear, as well as between spears from the same or 
different places of origin. 
Table 4.2. Terms and values for granular residues. 
Term Value 
Thin 1 
Medium 2 
Thick 3 
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Figure 4.19. Thin scattering of soil 
particles, 25x. 
 Figure 4.20. Medium scattering of 
soil particles, 30.6x. 
 Figure 4.21. Thick scattering of 
soil particles, 30.6x. 
 
Table 4.3. Terms and values for counted identified residues. 
Residue Counts  Term Value 
1 Single 1 
2 - 5 Sparse 2 
6 - 19 Medium 3 
20 or more Abundant 4 
 
Detecting Traces of Use 
As noted in previous chapters, this was an integrated study involving the detection of use-wear as 
well as residues. The use-wear characteristics most consistent with stone spearhead use are impact 
fractures, scarring, rounding, polish and striations (see for example Fullagar, Kamminga and van 
Gijn cited in Akerman et al. 2002:25). These traces of projectile use as summarised by Dockall 
(1997) were referred to when determining use-wear on the two stone-headed spears in the sample. 
Buc (2011) was referred to for distinguishing marks on bone barbs. While there is literature 
applicable for the detection of use-wear on stone and bone projectiles, there is no relevant literature 
pertaining to use-wear on wooden spears. Therefore, hypothetical traces of wear considered 
potentially indicative of wooden spear use are proposed in this section. It is pertinent to note that 
these suggestions did not include a comprehensive analysis of aerodynamics of spear throwing and 
consideration of variables such as gravity and resistance to air (see Cundy 1989). Therefore, these 
hypothesised traces would be considered as likely indicative of spear use only if they were observed 
in association with use-related residues:  
• Angled marks (Figure 4.22)  – Straight linear marks occurring on an angle to the length 
axis of a spear; 
• Curved angled marks (Figure 4.23) – Curved linear marks occurring on an angle to the 
length axis of a spear; 
• Horizontal marks (Figure 4.24) – Linear marks aligned with the length axis of the spear; 
and 
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• Tip damage (Figure 4.25) – When the tip of the spearhead is flattened or damaged in any 
manner.  
These hypothetical traces of wooden projectile use were devised on these premises: 
• A spear coming down and on a slight angle into a target would result in an angled mark; 
• If the spear was rotating slightly the angled mark would be curved; 
• A spear moving on a flat trajectory would result in a horizontal mark; and 
• Tip damage would result from the impact of the tip hitting the target. 
 
 
 
Figure 4.22. Angled mark, Wild® microscope, 
30.6x. 
 Figure 4.23. Curved angled marks, Wild® 
microscope, 6x. 
   
 
 
 
Figure 4.24. Faint horizontal mark crossing 
angled mark, Wild® microscope, 18x. 
 Figure 4.25. Damaged spear tip, Wild® 
microscope, 17x.  
 
Detecting Traces of Manufacture 
As noted in Chapter 3, bone, aragonite and charcoal might be indicative of traditional wooden spear 
manufacturing, however, the documentary sources indicate that Aboriginal people also used metal 
tools for spear manufacture. Evidence for metal tool use in a spear’s manufacture requires definitive 
marks to be observed on its surface. Publications of experimental research comparing the use of 
stone and metal tools on wood are relatively rare (see for example Coutts 1977; Crabtree and Davis 
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1968). Coutts (1977:74) found that Polynesian steel adzes used to cut wood produced certain 
characteristic on the wooden surface that included a smooth finish and closely spaced precise lines 
whether incised or in relief. Similar damage occurred with the use of a steel axe (Coutts 1977:69, 
73). Coutts (1977:69) writes that in comparison, the stone tools used in the experiments left marks 
that were wide, more irregular and ill-defined, although marks from both tool types “were always 
parallel to the direction of the striking blade”. It was beyond the scope of this research to undertake 
a comprehensive set of experiments to distinguish marks or indications of metal tool use on wood 
using tools likely to be available to Aboriginal people at the turn of and up to the mid-twentieth 
century. Two preliminary experiments, however, were performed: 
1. A tenon saw was used by Kerry Nugent to cut a wedge similar to those observed between 
the teeth on denticulate spears; and 
2. A tomahawk was used by Kerry Nugent to chop an acicular point similar to acicular-headed 
spears.  
The wood used for these experiments was the broken butt of the Acacia alleniana spear shaft 
crafted by Cyril Moon on Mornington Island (refer to Chapter 5). The tenon saw produced 
relatively neat shallow flat linear marks on the inner surfaces of the wedge, however, the outer 
edges were slightly rough where the saw dragged across the fibres of wood (Figure 4.26). The 
tomahawk produced marks that, like those observed by Coutts (1977:74), had smooth surfaces and 
precise lines. Such marks could be described as faceted chop marks (refer to Figure 4.27). 
Observations of these forms of damage on the spears examined in this study were therefore 
considered to be indicative of manufacturing using metal tools. The faceted chop marks observed 
on spear surfaces with indistinguishable evidence of manufacture or displaying ill-defined irregular 
marks probably caused by stone tools (Coutts 1977:69) were considered as likely evidence of repair 
with a metal tool. 
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Figure 4.26. Wedge cut with tenon saw, Sony® 
Cybershot camera.  
 Figure 4.27. Faceted chop marks cut with tomahawk, 
Sony® Cybershot camera. 
 
Chapter Summary 
Twelve locations for analysis were systematically selected on each spearhead, apart from those with 
three prongs and the archaeological spear tips that were microscopically examined in their entirety. 
Following macroscopic examination of each artefact, all analytical locations were examined for 
traces of use using low- and high-magnification microscopy, the majority of the latter with 
transmitted light. The sample was also subjected to Hemastix® tests to detect the presence of 
putative blood residues. Steps were taken to control for and minimise further contamination. 
Assistance was sought and additional analyses, such as micro-Raman spectroscopy, performed to 
accurately identify some residues. Included in this chapter are descriptions of residues and the 
characteristic histological and optical properties used to aid in their identification. Marks, possibly 
indicative of wear traces on wooden spears were proposed as were marks possibly indicative of 
metal tool use during their manufacture or repair. The analyses detailed in the chapter largely focus 
on the detection and identification of residues to discern wooden spear use in the past. While many 
use-related residues are preserved over great periods of time on stone artefacts, little is known about 
residue preservation on wood. The following chapter details experiments that were performed to 
begin to understand this taphonomic issue.   
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Chapter 5.  
 
Residue Preservation and Blood Experiments 
 
Introduction 
Four experiments were initiated in an attempt to better understand animal residue preservation on 
wood and to examine the efficacy of the Hemastix® test for blood detection. The first experiment 
involved the examination of an experimental control spear, not only to detect residues but to also 
ascertain indications of manufacturing methods. The remaining experiments comprised: analyses of 
animal residues applied to and extracted from shelved and buried wood before and after 101 weeks; 
analyses of beef liver applied to wood before and after one day; and a combined spectrophotometry 
and Hemastix® analysis of whole blood on wood. The analytical methods and the majority of 
materials used in the long- and short-term burial experiments are the same and are presented prior 
to detailing each experiment. All experimental details and photomicrographs were recorded and 
stored in the same manner as those for the research sample.  
Experimental Control Spear 
Experiments involving the replication of certain tasks are often undertaken in use-wear and residue 
studies in order to help identify indications of use observed on ancient artefacts (see for example 
Fullagar 1986; Kamminga 1982; Kononenko 2011; Lombard 2005; Lombard, et al. 2004; 
Robertson 2005; Semenov 1964). For such comparative purposes in this research, Cyril Moon, an 
elder of the Mornington Island community, made and used an acicular-headed Acacia alleniana 
spear, which he completed on July 26, 2007. In August, 2007, after his season of fieldwork on 
Mornington Island, Daniel Rosendahl (PhD candidate, UQ) returned to Brisbane with the spear and 
provided the following description of how the spear was made and subsequently used. 
Spear Manufacture 
On the first day of manufacture, Moon used a tomahawk to fell the trunk of an Acacia. alleniana or 
bial tree, approximately 15cm in diameter. He also removed the bark and whittled the wood with 
the tomahawk. On the second day, in the front yard of Richard Roughsey’s home, the shaft was 
charred (Figure 5.1) and straightened, using the fork of a tree as a fulcrum, and then ground with an 
electrical angle grinder to form the implement’s acicular head. A Leatherman™ pocketknife was 
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used to smooth the shaft (with a scraping motion towards the body) and sharpen the tip (Figure 5.2) 
(D. Rosendahl, UQ, pers. comm., August 2007).  
Spear Use 
The target in the experiment was a dead Macropus agilis (wallaby), identified as such based on a 
close-up photograph of the animal displaying its colouring, dark edged ears and pointed face, all 
features characteristic of the species (Johnson 2003:22). The animal was killed by a vehicle and had 
been observed dead on the roadside for two days. Cyril Moon speared the wallaby twice in the 
ribcage (Figure 5.3), producing some clearly visible residue smears (Figure 5.4). After use and 
being photographed, the spearhead was plunged into dirt, although only momentarily. Cyril Moon 
said this is normal practice but did not proffer a reason for the action (D. Rosendahl, UQ, pers. 
comm., August 2007). 
 
 
 
 
 Figure 5.1. Cyril Moon charring spear 
(Photograph: D. Rosendahl). 
 
 Figure 5.2. Cyril Moon smoothing spear shaft 
(Photograph: D. Rosendahl). 
   
 
 
 
Figure 5.3. Cyril Moon stabbing wallaby  
(Photograph: D. Rosendahl). 
 Figure 5.4. Wallaby residues on spear  
(Photograph: D. Rosendahl). 
 
Macropod Cadaver Decomposition 
Examining whether there is any likely difference between dead and living wallaby tissue was 
considered pertinent to understanding residue preservation on the spear made and used by Cyril 
Moon. Although the processes of macropod cadaver decomposition are unknown, presumably they 
are similar to those that occur between death and total soft tissue decay in human post mortem 
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remains. One such process, caused by gravity, is hypostasis, the pooling of blood in the parts of the 
body closest to the surface on which it is lying. This process results in lividity where the skin near 
the pooled blood appears reddish to purple in colour (Tsokos 2005:186-187; Vanezis 2001:353). 
The distinguishing livores can be observed on the skin as soon as 30 minutes following death 
(Tsokos 2005:186). If the body is rolled over within approximately 16 hours of death, the blood will 
pool in the new lowest areas, but within 24 hours, hypostasis no longer occurs (Tsokos 2005:190). 
Two other processes that occur in humans post mortem are autolysis, where enzymes already 
present in organs begin to digest surrounding tissue (Tsokos 2005:209), and putrefaction, where 
bacteria, released from broken down bowel tissue, attack soft tissues (Tsokos 2005:212). Both 
autolysis (Tsokos 2005:209) and putrefaction (Tsokos 2005:212) begin to break down soft tissues 
more rapidly in warm temperatures. Therefore, given that the wallaby had been dead for two days 
in a warm tropical environment, its internal soft tissues were likely to have been degraded by 
autolysis, putrefaction and rancidification (refer to Chapter 4) and, due to hypostasis, little blood 
was likely to be present in the upper areas of the cadaver where it was stabbed with the spear. 
Nevertheless, it was hoped that some traces of blood might be detectable, and some muscle tissue 
and hairs could be identified during microscopic examination of the spear. 
Working Environment, Transportation to Brisbane and Analysis 
The shaft was laid in the back of a truck between felling and smoothing and when not being worked 
it was rested against a mango tree or stored on a verandah. Children watched the manufacturing 
process in the Roughsey front yard while eating tinned spaghetti and baked beans, biscuits and 
muffins. Cats and dogs commonly roamed the yard (D. Rosendahl, UQ, pers. comm., August 2007). 
Following its use, the spear was wrapped in heavy duty plastic for transportation by air to Brisbane. 
Due to its length and space restrictions on the aircraft, the shaft had to be broken, and the butt half 
was discarded. The spear was then re-wrapped in the plastic for transport (D. Rosendahl, UQ, pers. 
comm., August 2007). The spear was examined in the same manner as the majority of the post-
contact implements in the research sample, using transmitted light rather than incident light for 
high-magnification microscopy, so adipose tissue is not included in the results now detailed. 
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Analysis Results for the Experimental Control Spear 
Experimental Control Spear #MI100 
 
 
Figure 5.5. Experimental control #MI100. 
 
Macroscopic Analysis and Use 
As noted above, Artefact MI100 (Figure 5.5) was crafted from Acacia alleniana by Cyril Moon on 
Mornington Island and used to spear a dead Macropus agilis. The spear is 1420mm long and very 
smooth apart from the butt end that is splintered where the shaft was broken to permit transport by 
air. Although acicular in general appearance, the head of the spear is slightly ovate in cross-section. 
There are gentle bends in the shaft that has a maximum diameter of 24mm. In addition to hunting 
dugong and turtles (Memmott 1979:110), and fighting (Memmott 2010:47), Lardil men did use 
acicular-headed spears or miyars in the past to hunt wallabies on Mornington Island although 
miyars were two-piece spears (Memmott 1979:110).  
Microscopic Analysis 
Low-magnification examination revealed damage to the spear. One edge of the flattened tip 
displayed bent back fibres of wood, thinly coated with soil particles and a few fine vertical and 
angled marks on the adjacent surface. The opposite edge of the tip was damaged with adjacent deep 
angled and curved angled marks (Figure 5.6), possibly the result of the Leatherman™ pocketknife 
cutting into the wood while shaping the spearhead. Also observed near the spear tip was an area of 
scraped wood that contrasted with very fine regular angled marks; the latter almost certainly 
produced by the angle grinder during manufacture (Figure 5.7). One curved angled mark was 
observed at Location MI107 while at least one angled mark was observed at each of the remaining 
locations examined (see below for further examples of observed marks). Fragments of wallaby 
tissue embedded in soil particles were observed at Location MI106 (Figure 5.8) and MI107. 
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Figure 5.6. Damaged tip edge and angled and curved 
angled marks, MI103, 20x. 
 Figure 5.7. Regular angled marks and scraped wood, 
MI104, 6x. 
 
 Figure 5.8. Embedded wallaby tissue, MI106, 30.6x. 
 
All of the residues identified on #MI100 are presented in Table 5.1. Although blood was detected at 
the spear tip and the next four locations examined, only one positive Hemastix® test result 
following the addition of Na-EDTA occurred at Location MI105. Such a result was unexpected but 
may be due to hypostasis occurring in the cadaver and/or the presence of compounds such as 
chlorophyll, copper ions or manganese dioxide (Loy 1993:62) in the soil in which the spear was 
thrust post use. Muscle tissue fragments were detected at several locations (for example Figure 5.9 
and Figure 5.10). However, only one small fragment of skeletal or striated muscle was identified 
(Figure 5.11) and no collagen or wallaby hairs were detected. If the use of #MI100 was unknown, 
the presence of muscle tissue, blood, angled and curved angled marks and scraped wood would 
suggest that this implement had been used for hunting (quarry unknown) and/or fighting. The 
absence of wallaby hair and collagen highlighted the possibility that not all residues indicative of 
specific use may have remained on the implements examined in this study. The remaining residues 
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were generally sparse, comprising flecks of charcoal, likely the result of charring, and soil 
constituents, consistent with the spear being plunged into roadside soil post use. These residues 
included a small number of non-diagnostic bilobate and globular phytoliths, one pollen grain, a few 
fragments of aragonite and plant tissue fragments, including trichomes in epidermal tissue (Figure 
5.12). 
Table 5.1. Residues identified on # MI100. 
  Locations Analysed 
MI101-4 MI105 MI106 MI107 MI108 MI109 MI110 MI111 MI112 
R
es
id
ue
s 
Blood-Hemastix® 4 4 5 4 5 0 0 0 0 
Blood-Na-EDTA 0 2 0 0 0 - - - - 
Muscle tissue - 1 3 2 2 - - 3 2 
Collagen - - - - - - - - - 
Hair - - - - - - - - - 
Feather - - - - - - - - - 
Fish scale - - - - - - - - - 
Starch - - - - - - - - - 
Raphide - - - - - - - - - 
Sponge spicule - - - - - - - - - 
Spherulite - - - - - - - - - 
Plant tissue 1 - 1 1 1 1 1 1 1 
Pollen/spore - - 1 - - - - - - 
Phytolith 2 - 2 - - - - - - 
Diatom - - - - - - - - - 
Fungal tissue 1 - - - - - - - - 
Soil particle 1 1 1 3 1 1 1 1 1 
Charcoal 1 1 2 1 1 1 - 1 1 
Pigment - - - -  - - - - 
Aragonite 2 - - 1 1 - - - - 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
 
 
 
 
Figure 5.9. Muscle tissue, Location MI101, 500x.  Figure 5.10. Muscle fibrils, Location MI106, 200x. 
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Figure 5.11. Skeletal muscle tissue, Location MI105, 
1000x cross-polarised. 
 Figure 5.12. Trichomes in epidermal plant tissue, 
Location MI106, 200x part-polarised.  
  
Discerning Traces of Manufacture and Use-Wear 
For logistical reasons, #MI100 could not be microscopically examined before its use so, 
distinguishing use-wear from manufacture-related marks is problematic. The flattened damaged tip 
may not be use-related but produced by resting the spear tip on the ground during manufacture or 
the result of the spear being plunged into soil post use. Arguably the regular angled marks observed 
near the tip (refer above to Figure 5.7) and similar marks that were observed at Location MI105, 
MI109 and MI110 are manufacture marks caused by a modern grinding tool. Another group of 
angled marks, possibly caused by the grinder or pocketknife, occurred at Location 106 (Figure 5.13) 
while at Location MI107, small regular vertical marks were observed (Figure 5.14). In contrast, 
irregular almost vertical marks, varying in width, length and depth were observed at Location 
MI107 (Figure 5.15) and an unusual phenomenon of angled marks occurred at Location MI111 
(Figure 5.16). Observed marks also displayed morphological variations. Some had distinctive 
complex or curved bases (both exemplified in Figure 5.17) while others were tapered (for example 
Figure 5.18). Indeed, there were numerous types of marks observed, including a few curved angled 
marks as well as angled marks, hypothesised in Chapter 4 as likely indicative of projectile use. 
Some of these marks occurred together in association with use-related residues but also at locations 
free of such residues. Microscopic examination prior to the spear being used would have identified 
manufacture marks and/or incidental damage, permitting the isolation and possibly the verification 
of hypothesised use-wear marks when the artefact was re-examined post use. Assigning a function 
to #MI100 with more certainty would then have been possible if such identified use-wear marks 
occurred in association with use-related residues. Other than the regular angled marks, the causes of 
the marks observed on #MI100 remain ambiguous. 
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Figure 5.13. Regular angled marks, Location 
MI106, 8x.  
 Figure 5.14. Series of fine vertical marks, 
Location MI107, 20x. 
   
 
 
 
Figure 5.15. Deep almost vertical gouges, 
Location MI107, 6x. 
 Figure 5.16. Angled mark phenomenon, 
Location MI111, 12.5x. 
   
 
 
 
 
 
 
 
Figure 5.17. Wide complex-based angled mark 
and curve-based angled mark, Location 
MI111, 30.6x.  
 Figure 5.18. Tapered angled mark, Location 
MI112, 30.6x. 
 
In this experiment, putative blood residues and fragments of muscle tissue were identified on 
#MI100. A full suite of residues indicative of the spear’s known use, including wallaby hair and 
collagen, were not detected, indicating not all residues were transferred during the spear’s use or 
they were removed when it was thrust into the ground post use. Traces of use-wear could not be 
isolated and without the presence of wallaby hair, an accurate functional interpretation could not be 
 
 
131 
  
made. However, observed regular angled marks, very probably produced by the electric angle 
grinder used by Cyril Moon provided another example of evidence indicative of modern wooden 
spear manufacture.  
Long- and Short-Term Burial and Long-Term Shelving Experiments 
The following section details the methods, materials used and results of the long- term burial and 
shelving experiment and the short-term burial experiment. Detected residues and results of the 
Hemastix® tests performed to screen for the presence of blood are tabulated for comparison. 
Exemplar photomicrographs and photographs are provided.  
Materials and Methods 
Apart from microscopic examination of microslides performed at the University of Queensland, all 
stages of the shelving and burial experiments were performed in suburban Brisbane, Australia. A 
Canon® A620 digital camera was used for all macro-photography.  
It should be noted that although unprocessed kangaroo meat is probably available from abattoirs, 
most other indigenous animals are protected, so, aside from fish, processed meat was used in these 
experiments rather than road-kill cadavers. Whether the preservation properties of processed meats 
differ to those of indigenous meats is unknown. Pork and fish were selected and applied to wooden 
stakes of a single species, bloodwood (Corymbia gummifera) (Cronin 2002:142) for the long-term 
experiment to determine the possibility of identifying residues of skeletal (striated) muscle tissue as 
well as other tissues such as collagen and bone. The fish was an unscaled whole silver bream 
(Acanthopagrus australis) (Grant 1978:392) and the pork was spare rib. Given that the pork and 
fish had been bled, beef liver was also used in the experiment because of its high blood and adipose 
tissue content. Beef liver alone was applied to bloodwood in the short-term experiment. Non-
powdered latex gloves were used for handling the wooden stakes throughout the experiments. 
Wooden stakes were manufactured for both experiments in the following manner: 
• March 15th, 2007 - 24 stakes, each approximately 210mm long with one end acicular-
shaped, were cut from lengths of bloodwood. The wood was cut with a hacksaw; the bark 
was peeled off after loosening it with a stone tool; and the acicular points were roughly 
shaped with a tomahawk. The cutting of the wood and removal of bark was undertaken by 
Kerry Nugent. Eight of the stakes were placed apart on a laminated bench under cover to 
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permit the wood to dry. The pointed portions of the remainder of the stakes were charred 
and then placed apart on the bench (Figures 5.19 to 5.22);  
• March 17th, 2007 – as ethnographic wooden spears were crafted with relatively smooth 
surfaces, the sharp edges of the chopped facets on the acicular ends of all of the stakes, 
beginning with the uncharred ones, were rounded using a metal rasp. A hole was drilled 
on each butt end for shelving purposes (see below). The stakes were then placed apart on 
the bench;  
• March 24th, 2007 - as Aboriginal people sometimes coated their wooden artefacts with 
animal fat (Roth 1984 [1897]:102, 1984 [1904]:9), eight of the 16 charred stakes had lard 
(Allowrie®, prime lard with no artificial ingredients) applied to their surface. Using 
gloves, the lard was smeared up to approximately 4cm from the blunt ends where they 
were held; and 
• On the same day - using a Sharpie® permanent marker, all stakes were labelled with a 
number on one side of the butt end and left in their respective places on the bench. 
Numbering was sequential with each set of stakes, comprising an untreated stake, a 
charred stake and a charred stake with lard. The first set were numbered 1, 2 and 3 
respectively, the second set 4, 5, and 6, and so forth.  
The methods of analyses were similar to those detailed in Chapter 4, comprising screening for 
blood using Hemastix® tests and transmitted light microscopic examination of residues. However, 
the application of MQW (ultra-pure water) to the stakes for residue extraction was increased from 
100µl to 150µl due to the extreme absorbency of bloodwood. The majority of microslides were 
mounted with DePex® although some thick residues required dry mounting. Unless stated 
otherwise, microslides were examined with an Olympus® BX60 microscope and photographed with 
an Olympus® DP10 digital camera.  
Although other residues such as charcoal fragments, phytoliths and fungal tissue were observed on 
microslides, animal tissue residues were specifically targeted and quantified in these experiments, 
however, fish scales visible to the naked eye on some stakes were noted but not counted. Apart 
from fat cells that were counted in clusters, animal tissue fragments detected on microslides were 
counted individually. Hemastix® test results were quantified in the same manner outlined in Chapter 
4.  
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Figure 5.19. Kerry Nugent loosening bloodwood 
bark with stone tool. 
 Figure 5.20. Kerry Nugent peeling bark off 
bloodwood.  
   
 
 
 
Figure 5.21. Charring the acicular tip of a stake.  Figure 5.22. Eight uncharred (row on left) and 16 
charred stakes. 
 
Long-Term Experiment 
The aims of the long-term experiment were to:   
1. Ascertain whether haemoglobin/myoglobin and animal tissue residues can be detected on 
shelved and buried wood before and after an extended period (101 weeks); and if so 
2. Establish any differences between residue quantities detected at the beginning and at the 
end of the experiment.  
The expectation was that the results of these experiments would shed some light on animal residue 
preservation on wood. The details of the long-term experiment, including the results and exemplar 
photomicrographs of detected animal tissues now follow.  
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Application of Residues 
Residues were applied to 21 of the stakes on April 30th, 2007 in the following manner: 
• Non-powdered latex gloves were used throughout this procedure and were changed before 
the application of the different residues; 
• As a negative control sample, residues were not applied to stakes 1, 2 and 3;   
• Two sets of stakes (one for shelving and one for burial) were pushed through the upper 
portions of the body near the backbone of the silver bream so that approximately 80mm of 
the acicular end of the stakes were smeared with fish residue;  
• The beef liver was similarly applied to two more sets of stakes; and   
• Flesh of pork spare rib was applied in the same way to the final two sets of stakes. 
After each residue application the stakes were returned to their respective places on the bench. The 
stakes for the long-term experiments were moved onto prepared shelving (see below) and allowed 
to dry for 48 hours.  
Table 5.2 provides a summary of the numbering of the stakes, the residues applied and whether the 
stakes were to be shelved or buried. At this stage, no residues were applied to the final three stakes 
(22-24) used in the short-term experiment (see below). These stakes were removed from the 
laminated bench and stored in zip-locked bags. 
Shelving 
Twenty-one nails were hammered through a length of hardwood, approximately 8cm apart, each 
nail protruding 3cm to accommodate the 21 stakes in a vertical position during the residue drying 
period (Figure 5.23) and 12 of the stakes over the period of the long-term shelving experiment. The 
shelved stakes were housed indoors and so protected from the elements from April 30th 2007 to 
April 13th 2009.  
 
 
135 
  
Table 5.2. Summary of preparation of long-term experiment stakes. 
Stake 
Number 
Treatment of Wood Residue Applied To Be Shelved or 
Buried 
1 Untreated None Shelved  
2 Charred None Shelved 
3 Charred & lard applied None Shelved  
4 Untreated Bream Shelved 
5 Charred Bream Shelved 
6 Charred & lard applied Bream Shelved  
7 Untreated Bream Buried  
8 Charred Bream Buried  
9 Charred & lard applied  Bream Buried  
10 Untreated  Beef liver Shelved 
11 Charred Beef liver Shelved  
12 Charred & lard applied Beef liver Shelved 
13 Untreated Beef liver Buried 
14 Charred Beef liver Buried 
15 Charred & lard applied Beef liver Buried 
16 Untreated Pork Shelved 
17 Charred Pork Shelved 
18 Charred & lard applied Pork Shelved 
19 Untreated Pork Buried 
20 Charred Pork Buried 
21 Charred & lard applied Pork Buried 
KEY 
Shaded numbers = negative control stakes 
 
 
Figure 5.23. Stakes with drying residues on prepared shelving. 
 
Hemastix® Tests and Microscopy 
On May 2nd, 2007, Hemastix® tests were undertaken and microslides prepared of hydrated residues 
extracted from the labelled side of the 21 stakes, 20mm from the acicular tips. These procedures 
were repeated on the unlabelled side of the stakes’ points at the end of the long-term experiment’s 
duration.  
 
 
136 
  
Buried Stakes 
There is some literature available on inorganic stone tool burial experiments for residue analysis 
(Catteneo et al. 1993; see also Barton 2009; Eisele et al. 1995 and Langejans 2010). Catteneo et al. 
(1993:32) simply describe the burial place as a “pit in a Sheffield garden” while Eisele et al. 
(1995:44) buried stone tools “in dirt”. In considering the burial experiment for this research, 
concern was raised by Associate Professor Sean Ulm (UQ, pers. comm., February 2007) and Dr 
Errol Stock (Griffith University, pers. comm., February 2007) that, unlike stone tools, the organic 
wooden stakes would likely be destroyed in an uncontrolled environment over an extended time 
period, especially given the abundance of termites in local soils. Canti and Davis (1999:776) note 
that rare and expensive “inert silica or industrial” sand was selected as the ideal preservative for 
recently reburied archaeological sites such as the Shakespearian Rose Theatre in London, a brick 
and wooden construction (Greenfield and Gurr 2004:336). In order to select sand suitable for 
reburial they make a number of recommendations based on its analysis, including colour, particle 
size and x-ray fluorescence (Canti and Davis 1999:779). Although optimal preservation is important 
for reburying archaeological sites, a sandy soil that included loam and some organic material was 
considered to be a more realistic matrix for the simulated long-term burial experiment in this 
research. The soil and buried stakes were housed in a plastic tub to control against termite intrusion. 
The prepared soil mixture for burying the remaining nine long-term experimental stakes consisted 
of a mixture of 1/3 river sand (50% coarse and 50% medium), 1/3 loam and 1/3 peat moss, 
purchased from a retail gardening outlet. The stakes were buried on May 8th, 2007 in a rectangular 
plastic tub in the following manner: 
• The tub was approximately 3/8 filled with the soil mixture; 
• Using gloves, stakes were placed on the soil surface (Figure 5.24) with the labelled side 
facing down;  
• In case the labelling faded over time, numbers corresponding to the stake numbers were 
written on the outside of the tub; 
• To avoid movement of the stakes, soil was carefully placed over the stakes until the tub 
was approximately 3/4 full;   
• 100ml (millilitres) of tap water was sprayed evenly over the surface to provide some 
moisture content;   
• The tub was placed under a veranda and thus subjected to daily temperature fluctuations 
but sheltered from rain; however 
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• To maintain relatively constant moisture content, 100ml of tap water was sprayed evenly 
over the soil surface once a week for the duration of the burial. 
 Figure 5.24. Placement of stakes in plastic tub prior burial. 
 
The stakes were excavated on April 14th, 2009 in the following manner: 
• 3 excavation units (XUs) of soil were removed with a trowel; 
• Each XU was sieved through a 1mm sieve; 
• At the beginning of the excavation and on the surface of each XU, 5 samples of soil (4 
from near the corners of the tub and 1 from the centre) were tested for pH (see below) to 
ascertain any differences in the soil acidity/alkalinity (Hurst Thomas 1989:662); 
• Soil was carefully removed from around the stakes; and  
• Stakes were removed using gloves and labels checked. The stakes were then lightly 
brushed down by hand to remove excess soil and placed in corresponding labelled zip-
locked plastic bags for analysis.  
Monitoring of the Long-Term Experiment 
Monitoring was undertaken during the long-term experiment. The 12 shelved stakes were examined 
once a week to observe any visible changes in their appearance and to note the presence of any 
insects or insect activity. Prior to the weekly supplement of water, the tub was also examined to 
observe the presence of any insects, evidence of other animal activity, or any alteration to the soil 
surface. In addition, a soil sample, removed from random points on the surface was tested for pH. 
According to Mathiesen (2004:1373), pH is “probably the most useful single indicator for soil 
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functioning and processes”. An Inoculo Laboratories pH test kit was used to monitor the burial soil 
for variations in its alkalinity or acidity. The numerically graded colour chart in the kit illustrates 
that a 7 is neutral soil; above 7 is alkaline soil; and below 7 is acidic soil. Alterations in alkalinity 
and acidity are indicative of chemical changes in the soil caused by fluctuating groundwater levels 
(Cronyn 1990:18; French 2003:11). Molluscs, bone and carbonised material are usually preserved 
in alkaline environments while pollen and plant remains are better preserved in acidic soils (French 
2003:12). The soil pH tests were therefore undertaken on the surface to assess if there was any build 
up of groundwater caused by the weekly addition of water to the undrained plastic tub that could 
ultimately affect the preservation of the wood and/or applied residues. During excavation the pH 
tests were undertaken to determine any variation in acidity or alkalinity between the surface and the 
artefacts.  
Results and Discussion – Pre-Shelved and Buried Stakes 
Table 5.3 summarises the blood and animal tissue residues detected on the stakes prior to their long-
term burial and shelving. No blood residues were detected on the negative control sample. All 
stakes with beef liver applied returned large positive Hemastix® test reactions even with further 
dilution of the residue solution with Na-EDTA, indicating the presence of blood components 
haemoglobin and/or myoglobin. Despite the fish and pork having been bled, all but two stakes with 
these residues returned moderate to large positive Hemastix® reactions. The two stakes, 9 and 21, 
had both been coated with lard, possibly indicating lard forms a barrier that may repel diluted weak 
blood residue adherence to wood. Apart from these two stakes and those with beef liver applied, 
reactions varied from trace to large following the addition of Na-EDTA. Such variation is likely 
caused by further dilution of a residue solution with low blood content. 
No collagen or bone was observed on the microslides. The lack of bone is possibly due to the 
method of residue application that was clearly different to the possible impact damage caused to 
animal tissues by a thrown spear. However, except those of the negative control sample, various 
other animal tissues were observed on all stakes. Fish scales were observed on five of the stakes. 
Fragments of fish muscle tissue with faint fine striations were observed on Stakes 4 and 5 (for 
example Figure 5.25) and pork striated muscle tissue was observed on Stakes 16 (for example 
Figure 5.26), 17 and 18. Other muscle tissue observed on the stakes was quite amorphous, some 
even globular in appearance (for example Figure 5.27). Blood plaques with distinctive “mud-
cracking” were observed around the perimeter of beef liver residues on microslides from Stakes 10, 
11, 13 and 15 (Figure 5.28). Large liver adipocytes occurred in tandem with these plaques on Stakes 
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10, 11 and 13 (Figure 5.29). Table 5.3 also illustrates that the quantities and varieties of animal 
tissue residues differed between stakes with the same residue applied. 
Table 5.3. Residues detected on stakes prior to long-term burial or shelving. 
Stake 
Number 
Treatment of 
Wood 
Residue 
Applied 
To be 
Shelved 
or 
Buried 
Hemastix® 
Test 
Na-EDTA Observed Animal Tissue 
1 Untreated None Shelved 0 - - 
2 Charred None Shelved 0 - - 
3 Charred &  
lard applied 
None Shelved 0 - - 
4 Untreated Silver bream Shelved 5 4 Fish scale. 
3 - striated and other muscle 
tissue fragments. 
5 Charred Silver bream Shelved 5 4 2 - striated and other muscle 
tissue fragments.   
6 Charred & 
lard applied 
Silver bream Shelved 5 3 Fish scale. 
2 - muscle tissue fragments.  
7 Untreated Silver bream Buried 5 4 Fish scale. 
2 - muscle tissue fragments. 
8 Charred Silver bream Buried 4 2 Fish scale. 
3 - muscle tissue fragments. 
9 Charred & lard 
applied  
Silver bream Buried 0 - Fish scale. 
10 Untreated  Beef liver Shelved 5 5 3 - blood plaque, muscle tissue 
and fat cells in tissue.  
11 Charred Beef liver Shelved 5 5 2 - blood plaque and fat cells in 
tissue. 
12 Charred & lard 
applied 
Beef liver Shelved 5 5 1 - muscle tissue fragment. 
13 Untreated Beef liver Buried 5 5 1 - fat cells in tissue. 
14 Charred Beef liver Buried 5 5 2 - blood plaque with “mud-
cracking”. 
15 Charred & lard 
applied 
Beef liver Buried 5 5 2 - blood plaque with “mud-
cracking” and muscle tissue 
fragments. 
16 Untreated Pork Shelved 5 5 2 - striated and other muscle 
tissue fragments. 
17 Charred Pork Shelved 5 4 3 - striated and other muscle 
tissue fragments. 
18 Charred & lard 
applied 
Pork Shelved 4 3 1 - striated muscle tissue. 
19 Untreated Pork Buried 5 4 1 - muscle tissue fragment. 
20 Charred Pork Buried 5 4 3 - muscle tissue fragments. 
21 Charred & lard 
applied 
Pork Buried 0 - 1 - muscle tissue fragments.  
KEY 
Shaded Numbers = negative control stakes 
 
Blood – Hemastix®/Na-EDTA 
-  = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
 
Counted Animal Tissue 
Residues 
-  = absent  
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
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 Figure 5.25. Fish striated muscle tissue, Stake 5, 
500x, part-polarised.  
 Figure 5.26. Pork striated muscle tissue, Stake 16, 
500x, cross-polarised.  
 
 
 Figure 5.27. Globular fish tissue, Stake 4, 500x.  Figure 5.28. Blood plaque with “mud-cracking”, 
Stake 15, 200x. 
 
 
Figure 5.29. Beef liver adipocytes, Stake 13, 100x. 
 
Monitoring the Long-Term Experiment 
Some changes to the shelved stakes were observed during weekly monitoring. Fine spider webs 
were observed on the blunt end of some of the stakes in week 43. However, no spiders were 
observed and the webs disappeared by week 47. The stakes coated with lard were initially greasy in 
appearance but the lustre gradually faded until the wood looked dull by week 44. Visible patches of 
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blood residues became quite dark within two weeks. Observed fish scales and patches of animal 
tissue residues remained in situ on the shelved stakes throughout the experiment’s duration. 
There was little variation in the weekly pH readings of the surface of the soil in which stakes were 
buried. The lowest reading was 5.5 and the highest 6.5 with a mean of 6.1, indicative of a slightly 
acidic surface soil throughout the burial period The relatively constant pH also suggests the weekly 
addition of 100ml of water to the undrained tub had not greatly increased groundwater and hence 
altered the chemicals in the soil that might adversely affect residue preservation (Cronyn 1990:18; 
French 2003:11). However, there were noticeable changes to the appearance of the soil surface. 
Examination of the tub in week 26 revealed 18 conical holes in the soil. By week 49 there were 
clear fine tracks across the surface and between the holes (Figure 5.30). The number of holes and 
tracks fluctuated over the remaining burial period with 32 counted in week 83 and only 11 in week 
100. The size of the holes also varied, ranging between 12mm and 64mm in diameter. Such conical 
holes are traps made by antlions, the larvae of lacewings (Order Neuroptera, Family 
Myrmeleontidae) to snare certain insects including ants in sandy soils (Norris 1991:91). Although 
small, antlions are ferocious hunters that have large protruding jaws (New 1991:530). 
 
Figure 5.30. Conical holes and tracks on soil surface. 
 
Movement of plant material on the soil surface was also evident with clusters of twigs and other 
plant fragments increasing in number around the perimeter of the tub until week 65, after which 
there was little change. Fine spider webs criss-crossed this material. However, no spiders or other 
insects were observed during monitoring.   
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Results and Discussion - Post- Shelving and Burial 
Before discussing the residues detected on the stakes at the end of the long-term shelving and burial 
experiment, a brief description of findings during the excavation of the buried stakes is presented. 
As noted above, soil pH was tested at five locations in the tub at the beginning of the excavation 
and on the surface of each excavation unit. These readings are presented in Table 5.4, and like the 
weekly pH test results, suggest slightly acidic soil but with a small increase in acidity nearer to the 
buried stakes. Sieving revealed abundant plant material throughout the soil matrix and two antlions 
(for example Figure 5.31) were retrieved from XU1. Although insects were not observed during 
weekly monitoring, the presence of conical holes and the retrieval of antlions during excavation 
indicate ants and possibly other insects inhabited the soil in which the stakes were buried for at least 
75 weeks of the experiment’s duration. When uncovered, the stakes were lying in their original 
positions in the tub. 
Table 5.4. Soil pH values for excavation units. 
  Corner 1 Corner 2 Corner 3 Corner 4 Centre pH Mean 
Surface 5.5 6 6  6 6.5  6.2 
XU1 5.5 5.5 6 5.5 5.5 5.6 
XU2 5.5 5.5 5.5 5.5 5.5 5.5 
XU3 5.5 6 5.5 5.5 5.5 5.6 
 
 
Figure 5.31. Antlion retrieved from XU1, 20x, Olympus® SZ61 
microscope with Q Imaging program (Image courtesy Dr G. 
Robertson). 
 
The residues detected on the bloodwood stakes after long-term shelving and burial are summarised 
in Table 5.5. Animal tissue and blood residues were not detected on the three negative control 
stakes. Seven of the remaining stakes returned positive reactions to the Hemastix® test. Of these 
seven, three had been smeared with lard so it is difficult to assert that lard forms a barrier 
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preventing blood residue adherence to wood. The shelved stakes with beef liver applied all returned 
trace and then negative Hemastix® test reactions following the addition of Na-EDTA, possibly 
suggesting residue dilution and no haemoglobin/myoglobin transfer to the Hemastix® test pad. 
However, the three buried stakes with liver applied returned trace reactions following the addition 
of Na-EDTA. Similarly and in contrast to the negative reactions for the three shelved stakes with 
silver bream applied, trace reactions were observed following the addition of Na-EDTA on two of 
the buried stakes 7 and 9 and again on two buried stakes with pork applied (Stakes 20 and 21). In 
summary, blood residues were detected on seven of the nine buried stakes. However, they had 
diminished on the shelved stakes to the point where haemoglobin/myoglobin was not detectable 
using Hemastix® tests in tandem with Na-EDTA.  
Some animal tissues were observed on microslides from the shelved stakes. Silver bream scales (for 
example Figure 5.32) remained in situ on these stakes. No striated muscle was observed although 
differing quantities of amorphous muscle tissue were observed on the stakes with fish applied. 
Despite the negative Hemastix® test reaction, there was a very faint blood plaque on the microslide 
from Stake 12 to which beef liver was applied, possibly indicative of excessive dilution with Na-
EDTA as suggested above. Only one fragment of amorphous liver tissue was observed on Stake 11. 
Striated and other muscle tissue fragments were observed on two of the stakes with pork applied, 
Stakes 16 and 17. In contrast to the shelved stakes, only fish scales were observed on two of the 
buried stakes, 7 and 8. Chemicals in the slightly acidic soil may have exacerbated animal tissue 
degradation. However, arguably the presence of antlions in the tub suggests that ants are likely to 
have devoured most, if not all of the animal tissue on the buried stakes except fish scales. 
 Figure 5.32. Fish scale surface, Stake 4, dry 
mount, 100x, part-polarised. 
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Comparing Pre- with Post-Shelving and Burial Results   
Certain trends are evident when comparing the residues detected initially on the bloodwood stakes 
(refer to Table 5.3) with the residues detected on them after their shelving and burial after nearly 
two years (refer to Table 5.5). Not all of the animal tissue residues adhered to the stakes during their 
application and those that did such as striated and other muscle tissue varied in quantities. Less 
variety and generally fewer animal tissue residues were observed after 101 weeks and, apart from 
fish scales, only on the shelved stakes. Haemoglobin/myoglobin readings were in general, relatively  
 
Table 5.5. Residues detected on stakes post long-term burial or shelving. 
Stake 
Number 
Treatment of 
Wood 
Residue 
Applied 
Shelved or 
Buried 
Hemastix® 
Test 
Na-EDTA Observed Animal Tissue 
1 Untreated None Shelved 0 - - 
2 Charred None Shelved 0 - - 
3 Charred &  
lard applied 
None Shelved 0 - - 
4 Untreated Bream Shelved 0 - Fish scale. 
2 - muscle tissue 
fragments. 
5 Charred Bream Shelved 0 - 1 - muscle tissue 
fragment. 
6 Charred & 
lard applied 
Bream Shelved 2 0 Fish scale. 
3 - muscle tissue 
fragments. 
7 Untreated Bream Buried 3 2 Fish scale. 
8 Charred Bream Buried 2 0 Fish scale. 
9 Charred & lard 
applied  
Bream Buried 4 2 - 
10 Untreated  Beef liver Shelved 2 0 - 
11 Charred Beef liver Shelved 2 0 1 - muscle tissue 
fragment. 
12 Charred & lard 
applied 
Beef liver Shelved 2 0 1 – faint blood plaque 
with “mud-cracking”. 
13 Untreated Beef liver Buried 3 2 - 
14 Charred Beef liver Buried 3 2 - 
15 Charred & lard 
applied 
Beef liver Buried 3 2 - 
16 Untreated Pork Shelved 2 0 3 - striated and other 
muscle tissue fragments. 
17 Charred Pork Shelved 2 0 3 - striated and other 
muscle tissue fragments. 
18 Charred & lard 
applied 
Pork Shelved 2 0 - 
19 Untreated Pork Buried 2 0 - 
20 Charred Pork Buried 4 2 - 
21 Charred & lard 
applied 
Pork Buried 2 2 - 
KEY 
Shaded Numbers = negative control stakes 
 
Blood – Hemastix®/Na-EDTA 
-  = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
 
Counted Animal Tissue 
Residues 
-  = absent  
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or 
more) 
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high prior to long-term shelving and burial, however, positive reactions to the Hemastix® tests were 
only recorded on buried stakes and these were all trace. This evidence suggests blood degradation, 
at least in the form of diminished haemoglobin/myoglobin, almost certainly occurred over the 
period of 101 weeks and the degradation occurred to a greater degree on the shelved stakes.  
Short-Term Experiment 
This experiment was undertaken to determine any effect on residue preservation caused by pushing 
wooden stakes into soil immediately following contact with animal residue, simulating the 
Aboriginal practice, common in northern parts of Australia, of plunging a spear into the ground 
after use. Beef liver was used in this experiment, the details of which are: 
• May 7th, 2007 - beef liver was applied to the final set of three stakes (22-24). The stakes 
were pushed through the liver, covering 8cm of the acicular points with residue; 
• Using the same protocols as in the long-term experiments, Hemastix® tests were 
undertaken immediately and microslides of hydrated residues from the labelled side of the 
stakes’ points prepared;   
• At 11.30am, the 3 stakes were plunged into the clay soil of a garden bed, rich with leaf 
litter; 
• The stakes and surrounding surface were monitored during the daylight hours and left in 
the garden bed overnight; 
• At 9.40am, May 8th, 2007, the 3 stakes were removed from the garden, and the excess 
adhering soil gently brushed off with gloved hands. Fresh gloves were used for each 
stake;  
• As it had rained overnight, the stakes were placed on “cling-wrap” on a bench and 
allowed to dry for 24 hours; and   
• Hydrated residues were then removed from the unlabelled side of the stakes’ points and 
Hemastix® tests and microslide preparation repeated. 
 
Short-Term Experiment − Results and Discussion 
Table 5.6 provides the results of Hemastix® tests and transmitted light microscopic examination of 
residues extracted from the three stakes with beef liver applied prior to their short-term burial. The 
residues all produced strong positive reactions to the Hemastix® tests. Fat cells were only observed 
on Stake 22, and muscle tissue fragments on Stakes 23 and 24. The muscle tissue fragments, as 
would be expected from liver, were amorphous in appearance.   
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Table 5.6. Summary of residues detected on stakes prior to short-term burial. 
Stake 
Number 
Treatment of 
Wood 
Residue 
Applied 
Hemastix® 
Test 
Na-EDTA Animal Tissue Detected 
22 Untreated Beef liver 5 5 1 - fat cells in tissue.  
23 Charred Beef liver 5 5 2 - muscle tissue fragments.  
24 Charred &  
lard applied 
Beef liver 5 5 1 - muscle tissue fragment. 
KEY 
Blood – Hemastix®/Na-EDTA 
-  = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Animal Tissue Residues 
-  = absent  
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
 
 
 
Almost instantly after plunging the stakes into the garden, ants swarmed around them (Figure 5.33). 
One ant was retrieved and tentatively identified by its size, colour and morphology as a scavenging 
tyrant ant (Iridomyrmex spp.) (Burwell 2007:54-55). The ants continued swarming around the 
stakes, diminishing in number within two hours and by nightfall they had all disappeared.   
 Figure 5.33. Ant activity on soil surface around Stake 22. 
 
As summarised in Table 5.7, residues extracted from two of the three stakes that were plunged into 
soil returned large reactions to the Hemastix® tests, however, no muscle tissue or fat cells were 
detected on the microslides. The lack of these residues is most likely due to the voracious appetites 
of the observed ants. These results are similar to those obtained in the long-term burial experiment, 
the principal difference being that the detected beef liver blood residues still reacted strongly after 
24 hours. 
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Table 5.7. Summary of residues detected on stakes post short-term burial. 
Stake Number Treatment of 
Wood 
Residue 
Applied 
Hemastix® 
Test 
Na-EDTA Animal Tissue Detected 
22 Untreated Beef liver 5 5 - 
23 Charred Beef liver 5 5 - 
24 Charred &  
lard applied 
Beef liver 1 0 - 
KEY 
Blood – Hemastix®/Na-EDTA 
-  = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Animal Tissue Residues 
-  = absent  
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
 
 
 
Blood Detection - Combined Hemastix® and Spectrophotometry 
Along with residues such as muscle tissue, feather and hair, the presence of blood on any of the 
spears examined in this research was considered vital in determining their use. Hemastix® tests to 
screen for blood residues on the spears were undertaken because of the difficulty in examining them 
using incident light microscopy. However, several researchers have questioned the veracity of this 
test.   
Problems with Using Hemastix® to Screen for Blood 
Tom Loy (1983:1269) initiated the use of urinalysis test strips such as Hemastix® strips to detect 
blood residues on stone artefacts in a study of 104 tools from various archaeological sites in Canada 
in 1983. In the ensuing 15 years, there was considerable additional research and debate concerning 
the methods used to detect and identify blood residues (Cattaneo et al. 1990, 1992, 1993; Custer et 
al. 1988; Eisele et al. 1995; Gurfinkel and Franklin 1988; Kooyman et al. 1992; Loy 1993b, 1994c; 
Loy and Dixon 1998; Manning 1994; Remington 1994; Smith and Wilson 1992). As summarised 
by Odell (2001:57-58), several researchers have grappled with inconsistent results, especially when 
using blind tests or comparing different blood detection methods on the same samples. In another 
analysis, Brass (1998) examined stone tools from New Guinea, comparing ethnographically 
collected tools from Himarata and Horaile with archaeological assemblages from Kafiavana. The 
archaeological artefacts had been handled during typological analysis, so Brass undertook an 
experiment to determine whether such handling affected blood residue tests. She applied both the 
Dot-blot test for immunoglobin G (a blood component) and the Hemastix® test to stone tool 
replicas. As two of the replicas produced positive (trace) Hemastix® and (low reaction 1+) 
immunoblot results, possibly due to the presence of residual sweat, Brass (1998:25) recommends 
minimal handling of archaeological artefacts. During her analysis, sterile gloves were worn, and a 
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microscopically detected residue was only identified as blood if it also reacted positively (with a 
reaction greater than 1+) to the Dot-blot test and positively to the Hemastix® test (Brass 1998:22-
26).   
There is little doubt that the spears examined in this study were handled during manufacture and 
prior to museum curation. In view of Brass’s (1998) findings, an alternative method was sought to 
detect the presence of blood components on wood and verify the accuracy of the Hemastix® tests 
undertaken on the research sample. To achieve these aims, a long-term experiment, using a 
spectrophotometer in tandem with Hemastix® tests, was undertaken on the advice of Assoc. Prof. C. 
Matheson (Lakehead University, Thunder Bay, Canada). Loy (1991:648), citing research by 
Ascenzi et al. (1985) on the preservation of haemoglobin in human bone, notes that there is a rapid 
reduction in haemoglobin recovery for approximately 250 years, then a more gradual fall over many 
thousands of years. Therefore, an additional aim of the experiment was to determine if there was 
any reduction in the readings over the experiment’s duration. Pertinent information, comprising 
brief descriptions of haemoglobin and other blood components, how blood forms clots and an 
introduction to spectrophotometry is presented before detailing the experiment. 
Haemoglobin and Other Blood Components 
Blood comprises plasma and cells, including platelets, and red blood cells that transport oxygen-
carrying haemoglobin. Haemoglobin is a complex molecule that includes protoporphyrins, one of 
which joins with an iron atom to form heme. The heme molecule combines with a polypeptide 
chain of amino acids to form a haemoglobin subunit or haemoglobin chain. Four haemoglobin 
chains combine to form the haemoglobin molecule (Guyton 1987:197). Haemoglobin molecules 
can occur in deoxygenated forms such as carboxyhaemoglobin (Dijkhuizen et al. 1977:95). 
Myoglobin is another molecule in blood that stores oxygen and releases it in skeletal muscle during 
exercise (Smith et al. 1988:109). Amino acids also occur in blood plasma and are stored as proteins 
in blood cells (Guyton 1987:538).  They are also the main components of all of the other proteins in 
body tissues such as muscle and skin (Guyton 1987:537). 
Blood Coagulation 
There are three processes that occur when blood clots are formed. Prothrombin activator is 
produced (Guyton 1987:220). This complex of substances, comprising globulins and various other 
plasma proteins (Guyton 1987:221), prompts prothrombin, also a plasma protein, to convert to the 
enzyme thrombin. Thrombin in turn converts fibrinogen into fibrin, the threads of which enmesh all 
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of the blood components to form a clot (Guyton 1987:220; Hoffbrand and Pettit 1993:305). Once 
the prothrombin activator is produced, clotting occurs within 15 to 20 seconds (Guyton 1987:119).    
Coagulation leading to the formation of clots is initiated in two ways. In the extrinsic system of clot 
formation blood coagulates in response to contact with a damaged blood vessel (Guyton 1987:221). 
The produced fibrin threads attach to a damaged area in a blood vessel and the clot blocks the flow 
of blood from the vessel (Guyton 1987:220; Hoffbrand and Pettit 1993:305). Intrinsic coagulation, 
the second system, occurs when the blood itself undergoes trauma and platelets are damaged and 
clotting factors are disturbed. Intrinsic coagulation progresses in a slightly different way to the 
extrinsic pathway but concludes with the production of fibrin threads and clots. Both systems of 
coagulation occur when blood vessels are ruptured (Guyton 1987:222) during, for example, the 
spearing of an animal. Intrinsic coagulation occurs alone, however, when blood comes into contact 
with wettable surfaces such as glass (Guyton 1987:222). 
Absorbance Spectrophotometry 
Spectrophotometers measure the concentration or rate of light absorption in substances as a function 
of wavelength (nm) (Timma 1952:118; Willard et al. 1958:116). The light absorption rates of the 
molecular components in haemoglobin are measured in the “visible” and “ultraviolet” region 
(Willard et al. 1958:118) from 220 to 750 nm. Tryptophan and tyrosine, both of which are amino 
acids, can be measured at 280 nm as demonstrated by Simonian and Smith (2006) (see also 
Whitaker and Granum 1980). Santos et al. (2003) measured the proteins cytochrome c and 
myoglobin (both from horse heart) and bovine haemoglobin at 410 nm; Dijkhuizen et al. (1977) 
measured carboxyhemoglobin in heparinised blood at 540 and 562 nm, heparin being a coagulation 
inhibitor (Hoffbrand and Pettit 1993:310); and Fairbanks et al. (1992) measured haemoglobin in 
anticoagulated human blood in the 570 to 580 nm range. 
Combined Hemastix® and Spectrophotometry Experiment 
In this experiment, non-heparinised whole human blood, as might be found on a used fighting 
spear, was stored in a sterile glass vial from the time of its collection to its application to wood, a 
period of approximately two hours. The spectrophotometer employed was a Nanodrop® ND-1000, 
a computer controlled instrument with a package that includes software for saving recorded 
measurements and producing spectral images. As well as providing instructions, the ND-1000 User 
Manual warns that non-homogenous solutions can cause major deviations in generated data. 
Measurements of 2µl of blood solution were recorded at fixed wavelengths for quantitative 
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purposes (Timma 1952:118), that is, to be able to compare the light absorption rates of various 
blood components over the experiment’s duration. These wavelengths were 280 nm for amino acids 
(Simonian and Smith 2006), and 410 (Santos et al. 2003), 540 (Dijkhuizen et al. 1977) and 575 nm 
(Fairbanks et al. 1992) for other blood components. The Hemastix® protocol, outlined in Chapter 3, 
was followed, however, as no solution was required for microslide preparation, 60µl MQW 
minimum was considered adequate for both analyses. This amount was increased to 80µl on several 
occasions due to the high absorbency of the wood and the viscosity of the blood. For the same 
reasons, the MQW needed to be applied in separate 20µl aliquots over the 10 minute agitation 
period to obtain as much of the hydrated blood residue as possible. The solution was transferred to a 
labeled clean eppendorf tube prior to each addition and following the last addition of MQW at each 
location. The experiment proceeded as follows:  
• March 4th, 2008 (Day 0) – using a Sharpie® black marker, 40 segments (approximately 
2.5cm wide) were marked and sequentially numbered on opposing sides of two 118cm 
lengths of lancewood (Acacia shirleyi) (Woinarski and Fisher 1995:379), providing 80 
segments on both shafts, A and B. The shafts had previously been scraped with stone 
tools. Two shafts were used to provide comparative data; 
• Using a Gilsen® P100 variable volume pipettor, 10µl of blood was placed in the centre of 
the first 40 segments on each shaft. Clots, the products of intrinsic coagulation (Guyton 
1987:222), were forming in the vial during this process. Although beading (remaining 
round) at most locations, the blood tended to disperse more widely on notched areas (refer 
to Figure 5.34). After the blood had almost dried, the shafts were turned and 10µl of blood 
was placed in the remaining segments; 
• A control sample of 10µl of blood diluted with 20µl MQW was prepared in a clean 
eppendorf tube; 
• 10µl of the control sample was Hemastix® tested and the test repeated using 5µl with the 
addition of 5µl Na-EDTA;  
• 2µl of the remaining control sample were subjected to spectrophotometry using the ND-
1000;  
• Blood residues on Location 1 of both shafts were hydrated with 60µl of MQW and tested 
with Hemastix®;  
• 2µl of the remaining residue solution was subjected to spectrophotometry; and  
• Generated data was entered into an Excel® spreadsheet. 
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 Figure 5.34. 10µl droplets of whole blood on lancewood shaft A.  
 
From Day 1 the last three procedures were repeated on the remaining locations on both shafts, 
sometimes with 20µl more MQW as discussed above. Analyses were repeated daily for the first 
three days, every second day for the next working week, gradually extending to once a month with 
final analyses of the 70th location on both shafts undertaken on March 9th, 2010. In addition, a 
negative control sample of 60µl MQW agitated with a pipettor for 10 minutes on the wood adjacent 
to Location 40 on each shaft were prepared on June 10th, 2008 and subjected to both analyses.    
Obtaining reliable readings from the spectrophotometer were problematic from the beginning of the 
experiment with inconsistent readings between the control and sample 1 for both shafts. To monitor 
consistency, five readings were attempted of separate 2µl aliquots of residue solution from 
Locations 2 to 70. During the early stages of the experiment, the extracted residue solution became 
cloudier with increased minute coagulated particles as the blood aged that, as warned in the ND-
1000 User Manual, resulted in abnormal readings. Therefore, on June 3rd, 2008, the decision was 
made to centrifuge each sample for 20 minutes after undertaking the Hemastix® test, drawing off 
the supernatant for spectrophotometry. A Sigma® 1-6P centrifuge (set at 1000 rpm [revolutions per 
minute]) was initially used. However, this instrument malfunctioned and was replaced with a 
Tomy® HF-120 centrifuge (fixed at 6,400 rpm) on July 1st, 2008. From July 22nd, 2008, the 
centrifuging time for each sample was extended to 30 minutes to further improve the homogeneity 
of the supernatant. 
Results and Discussion 
The data generated from the combined Hemastix® and spectrophotometry experiment is presented 
in Appendix A (Shaft A) and Appendix B (Shaft B). The Hemastix® tests produced consistent 
scores of five (dark green), well within the conservative reaction time of 30 seconds (refer to 
Chapter 4), at every location on both shafts and for the positive control, indicating the presence of 
haemoglobin and myoglobin (Loy 1994b:613). Scores of five were similarly obtained following the 
addition of Na-EDTA, although the reactions took a mean of 13.2 seconds longer on Shaft A and 
11.7 seconds longer on Shaft B. No reaction was observed on the Hemastix® test pads for the 
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negative controls of MQW on the shafts. In contrast the ND-1000 spectrophotometer recorded the 
presence of small amounts of amino acids and negligible quantities of blood proteins in the negative 
controls. The amino acids are potentially derived from proteins (Guyton 1987:537) such as skin 
cells remaining on the shafts after handling when they were scraped with stone tools. 
The remainder of the spectrophotometry data confirms the positive Hemastix® test results with the 
light absorption readings indicating the presence of blood proteins in the form of amino acids as 
well as haemoglobin and myoglobin.  However, the data is inconsistent with no reading (NaN) in 
some instances and great variation within each sample. Despite centrifuging, the ND-1000 was 
unable to measure the light absorption of any component in many of the five 2µl sub-samples. 
Clearly, centrifuging did not produce the homogenous solution necessary for consistent and reliable 
readings. Nevertheless, it was possible to use the data to produce charts depicting the reduction in 
light absorption rates of blood components on the two shafts over two years (Figures 5.35 and 
5.36). The readings used in the charts were taken approximately two months apart, including those 
from the first and last day of the experiment, and are the initial recordings apart from Day 0 for 
Shaft B where the incomplete data necessitated using the second reading (refer to Appendix B).  
The charts illustrate an overall reduction in the light absorption rates of amino acids and other blood 
components on the two shafts, suggesting degradation of the blood over the two-year period of the 
experiment as opposed to the consistently strong Hemastix® test results. However, the reduction 
was quite pronounced over the first eight months (to day 238) in contrast to the remaining 16 
months during which time the readings fluctuated dramatically, especially those of the amino acids 
(at 280 nm) and myoglobin and haemoglobin (at 410 nm). As noted above, during coagulation 
fibrin threads enmesh blood components to form a clot (Guyton 1987:220; Hoffbrand and Pettit 
1993:305). How much of the blood components remained in the centrifuged residue solution as the 
blood continued clotting and whether such quantities varied between samples are unknown factors 
that were beyond the scope of this study to ascertain. The readings may well be aberrations due to 
such coagulation processes, meaning that very little, if any, blood degradation occurred on the 
shafts. They also suggest that spectrophotometry is not a suitable method for accurately measuring 
the light absorption rates of blood constituents in non-heparinized whole blood.  
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Figure 5.35. Reduction in light absorption rates of whole blood components over two years, Shaft A.   
 
 
Figure 5.36. Reduction in light absorption rates of whole blood components over two years, Shaft B. 
 
The negative Hemastix® test results on the long-term shelved stakes, presented above, may not be 
an accurate reflection of blood degradation over a two year period. Pertinent to note is that the 
wood used in the long-term shelving experiment was still green whereas the shafts in the combined 
Hemastix®/spectrophotometry experiment were dry wood. It was beyond the scope of this study to 
undertake additional research to determine whether moisture such as blood residues is absorbed into 
wood as it dries out. Such a proposal is plausible given weak positive reactions to Hemastix® tests 
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were obtained on green stakes after their long-term burial in soil where moisture content was 
maintained.  
Chapter Summary 
The methods and results of four experiments that were performed to better understand residue 
preservation on wood were presented in this chapter. These experiments were the examination of an 
experimental control spear that was manufactured and used by Cyril Moon to stab a dead wallaby 
on Mornington Island, the analyses of animal residues applied to wood over long and short periods 
of time and analyses of whole blood residues on wood using spectrophotometry in tandem with 
Hemastix® tests. Not all residues indicative of the experimental control spear’s known use were 
transferred to the implement or, if they had been, they were likely removed when the spear was 
plunged into the ground post use. Marks or damage indicative of use were not isolated although 
other marks, the regular angled marks, are arguably indicative of wooden spear manufacturing 
using modern machinery. The results of the long-term shelving and burial experiment suggest that 
greater degradation of blood occurred on the shelved stakes over 101 weeks as opposed to the 
buried stakes, possibly due to the wood drying out. In contrast, animal tissue residues, albeit fewer 
and of less variety, were preserved on the shelved stakes as opposed to the buried stakes where only 
fish scales were recovered. The retrieval of anteaters indicates that ants were likely to have been the 
main cause for the removal of residues from the buried stakes. The observation of ants in the short-
term burial experiment supports this finding. The results of the experiment aimed at ascertaining 
whether blood degrades on wood over time and to assess the veracity of Hemastix® testing may 
appear inconclusive. However, both methods detected the blood components haemoglobin and 
myoglobin over the duration of the experiment. The rapid drop in light absorption during the initial 
eight months may be due to blood degradation or the effects of coagulation. Arguably, the use of 
Hemastix® tests can only be accepted as a reasonably reliable method to screen for the presence of 
two year old blood residues on dried wood. The results of the four experiments suggest that it may 
be difficult to identify use-wear marks and not all use-related residues, especially blood are likely to 
be preserved and/or detected on used wooden spears of any antiquity. Whether these suggestions 
pertain to the research sample is revealed in the following chapter.   
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Chapter 6.  
 
Results of the Analyses of the Research Sample  
 
Introduction 
The results of the experiments to control for contamination, the macroscopic and microscopic 
examination of the research sample of artefacts and relevant additional analyses (FTIR, Acetic Acid 
Test, and Micro-Raman Spectroscopy) are detailed in this chapter. A hypothetical use/s is proposed 
for each implement based on its morphology and relevant ethnographic information. A discussion 
follows as to whether or not observed residues and damage indicate if the spear was likely used as 
hypothesised or for any alternative purpose. Identified residues and damage are illustrated with 
exemplar photomicrographs. 
Controls for Potential Contamination 
The results of controls monitoring for potential airborne contamination in the University of 
Queensland Anthropology Museum (UQAM) and the Queensland Museum (QM) are presented in 
this section. Also detailed are the results of the experiment performed to establish the effects that 
probable mineral oxides from the QM shelves housing spears might have on the artefacts.  
Airborne Contamination 
A minimal number of residues were observed on the control microslide placed in the QM spear 
storage area. These comprised five fragments of non-diagnostic plant tissue and two starch 
granules. Residues identified on the UQAM control microslide comprised 10 amorphous plant 
tissue fragments, three phytoliths and four starch granules. The quantities of these residues on the 
spears examined were carefully considered therefore before determining whether they are related to 
the use-life of the artefacts.  
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Shelving Contamination Experiment 
Pre-shelving 
Prior to shelving an experimental length of lancewood on a Zincalume® shelf in the UQAM, marks 
of various shapes and sizes, including angled, horizontal, vertical and curved angled marks (for 
example Figure 6.1 to Figure 6.6), were observed and recorded. Although some marks may be the 
result of incidental damage, others were likely caused during the removal of bark from the wood.  
 
 
 
Figure 6.1. Shallow vertical mark and short 
angular nick, 10x. 
 Figure 6.2. Angled mark and scraped surface, 
12.5x. 
   
 
 
 
Figure 6.3. Angled curved mark, 9x.  Figure 6.4. Shallow horizontal scrapes, 6x. 
   
 
 
 
Figure 6.5. Vertical curved mark and shallow 
angled mark, 22.5x. 
 Figure 6.6. Deep angled curved marks, 6x. 
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Post-shelving 
Low-magnification microscopic examination of the lancewood after being regularly moved and 
rotated on the Zincalume® shelf revealed a build up of metallic material, most likely zinc oxide and 
aluminium oxide, on portions of the smooth surface of the wood with no associated marks (for 
example Figure 6.7). However, more of the mineral and fine angled marks were observed on the 
notched area of the wood (Figure 6.8). Any similar marks on mineral material observed on the 
UQAM spears examined were therefore regarded as not use-related. Loose particles of zinc oxide 
and aluminium oxide probably adhere to most, if not all, of the UQAM spear surfaces and are likely 
constituents of residues identified as soil particles in this study.  
 
 
 
Figure 6.7. Metallic material on smooth 
surface, 30.6x. 
 Figure 6.8. Thick metallic material with fine 
angled marks on notch, 20x. 
 
Spear Analyses 
In this section the results of the analyses of the spears are presented under the following headings: 
Mornington Island spears (the Pilot study), Bentinck Island spears, Gulf Mainland spears, Pitta-Pitta 
spears, Wik spear and the archaeological sample from the Anbangbang 1 Site in Gagudju country 
Mornington Island Spears – the Pilot Study 
As noted in Chapters 3 and 4, the five spears from Mornington Island, four of which were acquired 
by the UQAM in the mid- to late twentieth century, were treated as a pilot study to determine the 
most suitable method of examining spears microscopically. Hence, in addition to the archaeological 
sample of points, the first three artefacts were examined using incident light microscopy while 
microslides of extracted residues from the remaining implements were prepared and examined 
using transmitted light. Therefore, adipose tissue is not included in the tables summarising residues 
observed on the latter 17 implements and discussed below. 
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Mornington Island Spear 395 #100  
 
 
Figure 6.9. Artefact 100.  
 
Macroscopic Analysis and Hypothetical Use  
As depicted, #100 (Figure 6.9) is a denticulate hafted spearhead with 12 teeth along one edge. The 
wood is finely grained and heavy. This spear has a severed shaft and its entire length is 825mm. 
The spearhead, 522mm long, is narrow and teardrop-shaped in cross-section with the widest part 
being 13.7mm. Faint cross-hatching of white pigment over barely visible red pigment decorates the 
spearhead. There is a split near the distal end of the shaft and the string hafting is coated with 
possibly gum or beeswax. Artefact 100 is categorised generally as a hunting and collecting 
implement in the UQAM records (refer to Table 2.1). Based on its morphology, this spear is a 
lemirdiwur, a weapon used by Lardil men to fight one another (Memmott 2010:47) or for fishing 
(Roth 1903:78). This spear may also have featured in Lardil dance (Memmott 1979:133).  
Microscopic Analysis 
Under low-magnification examination, one edge (Location 104) of the spear tip appeared damaged 
(Figure 6.10). Angled and regular angled marks occurred on the surface. Residues observed under 
high-magnification microscopy were amorphous plant tissue fragments, charcoal, red and white 
pigment, fungal tissue and soil particles, including aragonite (refer to Table 6.1). Starch and 
phytoliths were also observed on a microslide from Location 109. Given the presence of starch 
granules on the museum control microslide, the two starch granules may be contaminants. The 
majority of the phytoliths are from grass (Poaceae Family) (Pearsall 2000:366). As it was not 
observed at all locations, charcoal might be a soil constituent rather than indicative of charring. The 
red pigment thinly covered the surface of the areas examined but was quite thick in the grooves of 
the wood (Figure 6.11), whereas the white pigment occurred in patches (Figure 6.12), consistent 
with the faint cross-hatched pattern on the artefact. The absence of feather and blood that was 
usually mixed with red pigment for body decoration by Lardil people (Memmott 1979:133; 
Memmott and Horsman 1991:153) indicates the spear was not likely to have been used in dance and 
no muscle tissue and collagen were detected to indicate it was used for fighting or fishing. A thin 
coating of a few soil constituents with very little plant material, other than phytoliths (observed on 
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one microslide), suggests slight contact with soil during manufacture. The fungal tissue is likely to 
be that of saprotrophs, feeding on the decaying spear wood.  
Table 6.1. Residues identified on #100. 
  Locations Analysed 
101 102 103 104 105 106 107 108 109 110 111 112 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - - - - 
Muscle tissue - - - - - - - - - - - - 
Adipose tissue - - - - - - - - - - - - 
Collagen - - - - - - - - - - - - 
Hair - - - - - - - - - - - - 
Feather - - - - - - - - - - - - 
Fish scale - - - - - - - - - - - - 
Starch - - 1 - - - - - 1 - - - 
Raphide - - - - - - - - - - - - 
Sponge spicule - - - - - - - - - - - - 
Spherulite - - - - - - - - - - - - 
Plant tissue - - - - 1 - 1 - - - 1 - 
Pollen/spore - - - - - - - - - - - - 
Phytolith - - - - - - - - 3 - - - 
Diatom - - - - - - - - - - - - 
Fungal tissue - - 1 - - - 1 1 1 1 1 - 
Soil particle 1 - 1 1 1 2 1 1 1 3 - - 
Charcoal 1 - 1 - 1 - 1 - - - - - 
Pigment 3 3 3 3 3 3 3 3 3 3 3 1 
Aragonite - - - - - - - - 2 - - - 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
 
 
 
 
 
 
 
 
 
 
Figure 6.10. Damaged tip, #100, Location 104, 
30.6x. 
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Figure 6.11. Thicker red pigment in grooves of 
wood 100x, darkfield. 
 Figure 6.12. Angled patch of white pigment 
over red, 200x, brightfield, cross-polarised. 
 
Mornington Island Spear 15290 #200 
  
 
Figure 6.13. Artefact 200.  
 
Macroscopic Analysis and Hypothetical Use 
Artefact 200 (Figure 6.17) is three pronged and 1780mm in total length. This spear is light in 
weight and decorated with bands of black, yellow and white acrylic paint. The prongs are 
approximately 250mm long and 7mm wide near the haft. Lardil people used three-pronged spears 
or kurrumbu to fish and collect crabs (Memmott 1979:110; Memmott and Horsman 1991: 96). The 
UQAM purchased the spear from a distributing group representing Aboriginal artists (refer to Table 
2.1), indicating it was made for sale.  
Microscopic Analysis 
Low-magnification examination of the tips of the prongs revealed damage to only one tip (Figure 
6.18). However, all locations displayed angled and curved angled marks, even under the paintwork. 
The residues detected under high-magnification microscopy (Table 6.2) were a thin spattering of 
soil particles and minimal charcoal, consistent with the artefact having had little contact with soil, 
possibly in a workshop environment. The fungal tissue is likely to be the remains of saprotrophic 
fungi, feeding on the spear wood. No animal, marine or aquatic residues were detected, indicating 
the spear had not been used for fishing or catching crabs. Whether or not the spear was made for 
 
 
161 
  
sale, the paucity of residues suggests it is likely that the damaged prong tip and the observed marks 
are not use-related. 
 
Figure 6.14. Damaged tip, #200, Location 201, 
30.6x. 
 
Table 6.2. Residues identified on #200. 
 Locations Analysed 
201 202 203 205 206 207 209 210 211 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - 
Muscle tissue - - - - - - - - - 
Adipose tissue - - - - - - - - - 
Collagen - - - - - - - - - 
Hair - - - - - - - - - 
Feather - - - - - - - - - 
Fish scale - - - - - - - - - 
Starch - - - - - - - - - 
Raphide - - - - - - - - - 
Sponge spicule - - - - - - - - - 
Spherulite - - - - - - - - - 
Plant tissue - - - - - - - - - 
Pollen/spore - - - - - - - - - 
Phytolith - - - - - - - - - 
Diatom - - - - - - - - - 
Fungal tissue - 1 - - - 1 2 2 1 
Soil particle 1 2 1 1 1 - 1 1 1 
Charcoal - - - - - - 1 1 - 
Pigment - - - - - - - - - 
Aragonite - - - - - - - - - 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
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Mornington Island Spear 396 #300  
 
 
Figure 6.15. Artefact 300. 
 
Macroscopic Analysis and Hypothetical Use 
The wood of #300 (Figure 6.20), an 823mm long denticulate spear with a severed shaft, is fine 
grained and heavy. The length of the spearhead from its tip to the haft is 535mm and the widest part 
is 30mm across. In cross-section the spearhead is narrow and teardrop in shape, the widest part 
being approximately 11mm across. There is a long split in the shaft near the hafting. With 12 teeth 
along one edge and faded cross-hatching of white on red pigment decorating the spearhead, it is 
very similar to #100, suggesting the two spears were possibly manufactured by the same artisan. 
Based on its morphology, this spear is a lemirdiwur with recorded uses of fighting (Memmott 
2010:47), fishing (Roth 1903:7) and featuring in dance (Memmott 1979:133).  
Microscopic Analysis 
The tip of #300 was shiny with limited damage and the surface displayed some angled and regular 
angled marks. The residues observed on the implement (refer to Table 6.3) were pigment, charcoal, 
soil particles and fungi. Charcoal fragments, observed at all locations examined apart from 309, 
were large in some patches (Figure 6.16), suggesting that the spear may have been charred during 
manufacture. Fungal tissue, comprising several tiny hyphae (<2µm diameter) and probable conidia 
spores (Figure 6.17), was observed in the grooves of the wood at most locations, as were most of 
the soil particles. The lack of plant tissue indicates the spearhead had little contact with the ground 
and that the fungi were feeding on the spear wood. No traces of blood or other animal tissues were 
detected to indicate the spear had been used for fighting or fishing. Like #100, and consistent with 
the obvious faint cross-hatched pattern on the spearhead, red pigment coats the surface under 
thicker patches of white pigment. The patterning of pigment and lack of blood and feather 
fragments indicate the spear had not featured in dance (Memmott 1979:133; Memmott and 
Horsman 1991:153). 
Aside from the described residues, under high-magnification with darkfield illumination, small 
patches of shiny metallic material (for example Figure 6.18) were detected at four locations on this 
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implement. Some of the patches displayed very fine marks. In view of the shelving experiment 
results, the mineral and associated marks probably indicate the spear was moved over the 
Zincalume® shelving surface in the Museum. 
Table 6.3. Residues identified on #300. 
  Locations Analysed 
301 302 303 304 305 306 307 308 309 310 311 312 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - - - - 
Muscle tissue - - - - - - - - - - - - 
Adipose tissue - - - - - - - - - - - - 
Collagen - - - - - - - - - - - - 
Hair - - - - - - - - - - - - 
Feather - - - - - - - - - - - - 
Fish scale - - - - - - - - - - - - 
Starch - - - - - - - - - - - - 
Raphide - - - - - - - - - - - - 
Sponge spicule - - - - - - - - - - - - 
Spherulite - - - - - - - - - - - - 
Plant tissue - - - - - - - - - - - - 
Pollen/spore - - - - - - - - - - - - 
Phytolith - - - - - - - - - - - - 
Diatom - - - - - - - - - - - - 
Fungal tissue 2 - 3 - 3 3 2 1 2 - 2 3 
Soil particle 2 1 1 2 2 1 1 1 1 2 3 1 
Charcoal 1 1 3 1 2 1 1 1 - 1 1 1 
Pigment 2 3 1 1 3 3 3 3 3 2 3 3 
Aragonite - - - - - - - - - - - - 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
 
 
 
 
 
 
 
 
 
 
Figure 6.16. Charcoal and white pigment, 
#300, Location 312, 200x, darkfield. 
 Figure 6.17. Hyphae and probable conidium 
with extinction cross <2µm wide, #300, 
Location 307, 500x, brightfield, cross-
polarised. 
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Figure 6.18. Metallic residue, #300, Location 
303, 200x, darkfield. 
 
Mornington Island Spear 3209 #400  
 
 
Figure 6.19. Artefact 400.  
 
Macroscopic Analysis and Hypothetical Use 
Artefact 400 (Figure 6.19) is a very heavy single piece spear, approximately 2,580mm in length, 
with seven teeth along one edge at its head. The dark wood is very fine grained and quite polished 
in appearance. There are decorative nicks along either side of the spearhead below the teeth and a 
carved linear decoration on the shaft beside the teeth. The shaft is 23mm wide and tapers to the split 
butt end. The tooth nearest the shaft is damaged. Compared with #100 and #300, the spearhead is a 
more rounded teardrop shape with only the tip narrower in cross-section. This artefact is generally 
categorised as a hunting and collecting implement in the UQAM records (refer to Table 2.1). 
Although aspects of its morphology (the lack of hafting and the spearhead shape in cross-section) 
illustrate its difference to #100 and #300, the spearhead is denticulate, suggesting it may have been 
used for the same purposes as a lemirdiwur, that is, for fighting (Memmott 2010:47), fishing (Roth 
1903:7) and in dance (Memmott 1979:133).  
Microscopic Analysis 
Low-magnification microscopic examination revealed that the tip of #400 was flattened and caked 
with soil particles along with an embedded plant fibre (Figure 6.20). The wood adjacent to the tip 
had also been damaged (Figure 6.21). Many fine marks, some of which were angled and curved 
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angled, were observed at all locations. The surface of the shaft appeared relatively thickly coated 
with soil particles. Traces of red/brown pigment (Figure 6.22) were observed as well as patches and 
spots of white pigment. There were also traces of white pigment in the decorative nicks (Figure 
6.23). Charcoal, possibly from charring or perhaps indicative of decoration, was observed at all 
locations with the wood appearing almost black under the other residues (see for example Figures 
6.21 and 6.23).  
 
 
 
Figure 6.20. Damaged tip with embedded 
plant fibre, #400, Location 401, 6x. 
 Figure 6.21. Damaged shaft near tip and 
charred surface, #400, Location 401, 14x. 
   
 
 
 
Figure 6.22. Red/brown and white pigment, 
#400, Location 403, 20x. 
 Figure 6.23. White pigment in decorative nick 
and charred surface, #400, Location 411, 
30.6x. 
 
All of the residues detected on #400 are summarised in Table 6.4, including plant tissue fragments, 
phytoliths, fragments of charcoal (Figure 6.24), some fungal tissue, aragonite and abundant soil 
particles. The phytoliths were mostly elongate and ovate in shape but not diagnostic of any 
particular plant Family. Fragments of plant material, although mostly amorphous, included 
bordered pits (Figure 6.25). The remains of probable saprotrophic fungi, feeding on dead organic 
material in the soil and the spear wood, consisted of hyphae and spores. 
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No residues were detected to suggest #400 had caused a wound during a fight, successfully caught 
fish or, given its unusual morphology, wounded an animal during a hunt. Although sparse, the 
occurrence of plant tissue, fungi, aragonite and a few sponge spicule fragments amongst the 
generally thick soil particles suggests the implement was manufactured near or, at some stage, 
possibly situated near a marine or aquatic environment. Apart from the white granules in the 
decorative nicks, the red/brown pigment occurred in irregular smudges, not in any obvious pattern 
or layering such as that observed on #100 and #300, indicating that some of it may have been 
transferred to the spear post-manufacture through handling or possibly contact with body 
decoration. However, as no blood or feather was detected (Memmott 1979:133; Memmott and 
Horsman 1991:153), it is impossible to determine if the implement had featured in dance.  
Table 6.4. Residues identified on #400. 
  Locations Analysed 
401 402 403 404 405 406 407 408 409 410 411 412 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - - - - 
Muscle tissue - - - - - - - - - - - - 
Collagen - - - - - - - - - - - - 
Hair - - - - - - - - - - - - 
Feather - - - - - - - - - - - - 
Fish scale - - - - - - - - - - - - 
Starch - - - - - - - - - - - - 
Raphide - - - - - - - - - - - - 
Sponge spicule - - - - - - - - - 1 - - 
Spherulite - - - - - - - - - - - - 
Plant tissue 1 - 1 - 1 1 - 1 1 1 1 - 
Pollen/spore - - - - - - - - - - - - 
Phytolith 1 1 - 1 1 - - - 2 - 1 1 
Diatom - - - - - - - - - - - - 
Fungal tissue - - 1 - - - - - - - - 1 
Soil particle 3 2 2 3 3 2 2 2 3 3 3 3 
Charcoal 2 2 2 2 2 2 2 1 1 2 2 2 
Pigment - 1 3 2 1 1 3 3 3 2 2 3 
Aragonite - - - 1 - - - 1 - - - 2 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
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Figure 6.24. Charcoal fragments, #400, 
Location 411, 500x. 
 
 Figure 6.25. Bordered pits in tissue, #400, 
Location 405, 1000x, cross-polarised. 
 
Mornington Island Spear 24229 #500  
 
 
Figure 6.26. Artefact 500. 
 
Macroscopic Analysis and Hypothetical Use 
Artefact 500 (Figure 6.26) can be categorized as a lemirdiwur, used for fighting (Memmott 
2010:47), fishing (Roth 1903:78), and/or in dance (Memmott 1979:133). This lightweight 
implement has a relatively flat denticulate head with 15 teeth down both sides. The length of the 
spearhead is 455mm and that of the severed shaft, including the hafted area, is 1,555mm. The 
spearhead is 35mm across and the tapered shaft is 17mm in diameter at its widest dimension. 
Hafting consists of an orange synthetic twine coated in white, possibly acrylic paint. The outer 
surface of the entire spearhead is coated with a “resin-like” material, a sample of which was 
removed for Fourier transform infrared (FTIR) spectroscopy. The results of this analysis now 
follow. 
FTIR Analysis 
The graph in Figure 6.27 reveals the spectral image representing the constituent elements of the 
“resin-like” material. The major bands at 2915, 2847, -CH2 stretching, 1472, 1462, -C-H2, 730, 
719, -CH2 rocking and the small bands at: 2954, 2872, -CH3 stretching are indicative of the carbon 
chains that are common in light oils. The small bands at 1737, 1715 are indicative of C=O bonds of 
esters, organic often fragrant compounds produced by reaction between alcohols and acids with the 
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elimination of water. The small bands at 1169 are indicative of C-O bonds of esters. The material 
most similar to the sample is beeswax, used historically as a furniture polish. Other resinous 
materials such as shellac and sandarac have more complicated spectra. (Dr R. Goodall, QUT, pers. 
comm., February 2010) (refer to Figure 4.18).  
 
Figure 6.27. Spectral image of possible resin sample from #500 (Chart courtesy Dr R. 
Goodall, QUT). 
 
Microscopic Analysis 
Under low-magnification, the tip of #500 appeared flattened and there were obvious faceted chop 
marks along the narrower edges (Figure 6.28). The gaps between the teeth (Figure 6.29) also 
appeared roughly chopped or sawn, indicating the artisan used metal tools in the spear’s 
manufacture.  
 
 
 
 
 
 
Figure 6.28. Flattened tip and faceted chop 
marks, #500, Location 504, 6x. 
 
 Figure 6.29. Roughly chopped tooth gap, 
#500, Location 505, 6x. 
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High-magnification microscopic examination revealed a thin scattering of mainly soil constituents 
(refer to Table 6.5), comprising soil particles, plant tissue, one pollen grain, phytoliths, minimal 
fungal tissue, very fine charcoal or ash and aragonite. The plant tissue consisted of tiny woody 
fragments. The few elongate and cuneiform phytoliths (for example Figure 6.30) can occur in the 
Euphorbiaceae Family of flowering trees, shrubs and herbs (Dr C. Lentfer, UQ, pers. comm., 
October 2007). As there were starch granules identified on the museum control slide from the 
UQAM, the two starch granules and perhaps some of the phytoliths likely result from airborne 
contamination. No residues were detected to indicate #500 had been used for fishing, fighting or in 
dance. The FTIR result presented above indicates the coating on the spearhead is probably beeswax. 
Therefore, it appears that the artisan used this material to decorate and/or protect the spearhead 
rather than as a traditional fixative for hafting (Memmott and Horsman 1991:96, 100). Although not 
recorded in museum documentation, the wax-like coating on the spearhead, the synthetic twine 
hafting and the sparseness of residues indicate the spear was probably manufactured for sale or as a 
gift in a workshop environment. 
Table 6.5. Residues identified on #500 
 Locations Analysed 
501 502 503 504 505 506 507 508 509 510 511 512 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - - - - 
Muscle tissue - - - - - - - - - - - - 
Collagen - - - - - - - - - - - - 
Hair - - - - - - - - - - - - 
Feather - - - - - - - - - - - - 
Fish scale - - - - - - - - - - - - 
Starch - - - - - - - - - 1 - 1 
Raphide - - - - - - - - - - - - 
Sponge spicule - - - - - - - - - - - - 
Spherulite - - - - - - - - - - - - 
Plant tissue 1 1 1 1 1 1 1 1 1 1 1 1 
Pollen/spore - - - - - - - - - - - 1 
Phytolith - 1 - 1 1 1 - 1 - 1 - 1 
Diatom - - - - - - - - - - - - 
Fungal tissue - - - - - - - - - 1 - 1 
Soil particle 1 1 1 1 1 1 1 1 1 1 1 1 
Charcoal 1 1 1 1 1 1 1 1 1 1 1 1 
Pigment - - - - - - - - - - - - 
Aragonite - 2 - 2 - - - - - - - - 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
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Figure 6.30. Cuneiform phytolith, #400, Location 
512, 500x. 
 
Results of the Pilot Study Reviewed 
Although precluding the detection of adipose tissue (see discussion in Chapter 7), the change from 
incident to transmitted light microscopy during the pilot study permitted easier detection of 
siliceous residues such as phytoliths and sponge spicules. These residues provided additional 
evidence for the environments in which #400 and #500 had been situated or were possibly 
manufactured. Despite the observation of damage on the majority of the spear tips, no residues were 
found to indicate that any of the artefacts had been used for purposes recorded in the relevant 
ethnographic literature. Similar to #200, #500 is also crafted of lightweight wood and displays the 
use of metal tools and probable beeswax to suggest it was made for sale. Regular angled marks, 
similar to those observed on the experimental control MI1100, occurred on #100 and #300, 
suggesting the probable use of metal tools in their manufacture. The results of the analysis of spears 
collected at the turn of the twentieth century, beginning with seven spears from Bentinck Island, 
now follow.  
Bentinck Island Spears 
Bentinck Island Spear QE-1987-0 #600 
 
 
Figure 6.31. Artefact 600.  
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Macroscopic Analysis and Hypothetical Use 
Artefact 600 (Figure 6.31) is a denticulate-headed spear with a two-piece bent shaft that is 
approximately 2,570mm in length. All the joins are spliced with string binding and no fixative. The 
dark heavy spearhead, 910mm in length and teardrop-shaped in cross-section, has a single row of 
17 teeth. There is a 210mm long split on one side of the spearhead near the haft where the string is 
unravelling. The shaft pieces of paler lighter wood are less smooth than the spearhead. The main 
shaft is damaged near the join with the tail shaft and there is an indentation on the butt end for 
spearthrower attachment. Based on this morphology, #600 is a kujiji, an implement used by the 
Kaiadilt people to hunt turtle and dugong (P. Memmott, UQ, unpublished manuscript, 1979).  
Microscopic Analysis 
Low-magnification microscopy revealed that the tip of #600 was rounded and pitted in appearance 
with faint charring and small flecks of white material, possibly pigment (Figure 6.32). The wood of 
the spearhead was generally rough and worn with patches of soil particles (for example Figure 
6.33). Small angled marks, similar to that in Figure 6.33, and curved angled marks were also 
observed at a number of locations on the spearhead. 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 6.32. Rounded and pitted tip with 
some charring and possible white pigment 
#600, Location 601, 9x. 
 
 Figure 6.33. Rough worn surface with patches 
of soil particles and angled mark, #600, 
Location 609, 20x. 
 
As summarised in Table 6.6, medium to thick quantities of soil particles were observed on this 
artefact. Abundant amorphous plant tissue fragments were also detected during microslide 
examination as well as some with wall thickenings (for example Figure 6.34), pits in plant tissue, 
sieve elements (for example Figure 6.35), phytoliths, some aragonite fragments, abundant mostly 
tiny charcoal fragments and a few fungal tissue components, likely to be from saprotrophs. Some of 
the phytoliths are typical of the Poaceae Family (grasses) while others, for example the granulate 
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reniform phytolith in Figure 6.36 and the granulate globular phytolith in Figure 6.37, can occur in 
the Euphorbiaceae Family (Dr C. Lentfer, UQ, pers. comm., October 2007). Some siliceous sponge 
spicules (for example Figure 6.38), abundant raphides (Figure 6.39), and starch granules (for 
example Figure 6.40) completed the matrix coating this spearhead. The results of the acetic acid test 
and micro-Raman spectroscopy verifying raphide identification are presented below. 
Table 6.6. Residues identified on #600 
 Locations Analysed 
601-4 605 606 607 608 609 610 611 612 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - 
Muscle tissue - - - - - - - - - 
Collagen - - - - - - - - - 
Hair - - - - - - - - - 
Feather - - - - - - - - - 
Fish scale - - - - - - - - - 
Starch 4 1 2 - - 1 - - 2 
Raphide 4 4 4 3 - - 1 - - 
Sponge spicule - - 1 - - - 1 - 1 
Spherulite - - - - - - - - - 
Plant tissue 3 2 3 3 2 2 1 2 2 
Pollen/spore - - - - - - - - - 
Phytolith 2 1 3 1 1 2 1 2 2 
Diatom - - - - - - - - - 
Fungal tissue 1 1 - - - - 1 - - 
Soil particle 2 2 3 2 1 1 2 2 2 
Charcoal 2 2 2 2 1 1 2 2 2 
Pigment 1 - - - - - - - - 
Aragonite - - 2 2 1 1 - - - 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
 
 
 
 
 
 
 
 
 
Figure 6.34. Spiral wall thickening, #600, 
Location 605, 500x, cross-polarised. 
 
 Figure 6.35. Sieve elements, #600, Location 
605, 500x, cross-polarised. 
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Figure 6.36. Reniform granulate phytolith, 
#600, Location 611, 500x. 
 Figure 6.37. Globular granulate phytolith, 
#600, Location 606, 500x, 
   
 
 
 
 
 
 
 
Figure 6.38. Siliceous sponge spicule, #600, 
Location 612, 1000x. 
 Figure 6.39. Raphide bundle, #600, Location 
606, 500x, part-polarised, each raphide <1µm 
wide. 
 
 
Figure 6.40. Starch granule, #600, Location 
606, 1000x, part-polarised. 
 
Acetic Acid Test 
The raphides did not dissolve following the application of a 5% solution of acetic acid to the 
microslide, demonstrating that the microfossils were not composed of calcium carbonate (Crowther 
2008:114), thus verifying their identification. 
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Micro-Raman Spectroscopy 
Figure 6.41 illustrates the molecular constituency of one of the raphides from Location 601. 
According to Dr R. Goodall (QUT, pers. comm., February 2010), bands at 1465, 898 and 519 cm-1 
are typical of calcium oxalate. As noted in Chapter 3, Edwards (2000:247), using a laser with higher 
excitation than the instrument used by Dr Goodall, records similar Raman bands characteristic of 
weddelite, a hydrate of calcium oxalate. The similarity suggests the raphide examined was 
composed of the same mineral. 
 
Figure 6.41. Spectral image of molecular constituency of a raphide from Location 601 (Chart 
courtesy Dr R. Goodall, QUT). 
 
The few specks of possible white pigment observed on the tip of #600 were likely transferred to the 
spear through handling. Along with the sponge spicules and aragonite, the moderate quantities of 
soil particles, plant tissue fragments and phytoliths from at least two plant families, suggest the 
artefact was probably manufactured in a near-shore environment. Charcoal may be a residue from 
charring during manufacture or a soil constituent if the spear had been made at a campsite. 
Abundant raphides and starch granules of various sizes on and near the spear tip also suggest 
contact with campsite soil, or alternatively, either direct contact with an aroid corm or through 
handling of such a food source. Although the spearhead is generally rough and worn, blood, 
collagen and muscle tissue residues were not detected, indicating that #600 was unlikely to have 
been used to hunt turtles or dugong.  
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Bentinck Island Spear QE-4712-1 #700 
 
 
Figure 6.42. Artefact 700.  
 
Macroscopic Analysis and Hypothetical Use 
Artefact 700 (Figure 6.42) has 20 teeth carved along one edge of an 823mm long head crafted from 
dark and heavy wood that appears water stained. The spearhead, teardrop shape in cross-section, is 
spliced and covered with string to a single piece shaft of paler and lighter wood. Some damage to 
the spear is evident with the string unravelling and the distal end of the 1410mm long shaft broken. 
According to QM records (refer to Table 2.1), the implement is a harpoon. As it was impossible to 
determine if the shaft was originally composite, #700 may be a kujiji, initially with a two-piece 
shaft or a mawurraji with a single piece shaft. Kaiadilt men used both spears as harpoons to hunt 
turtles and dugong and the latter also for fighting (P. Memmott, UQ, unpublished manuscript, 
1979).  
Microscopic Analysis 
The tip of #700 was rounded and smooth with some charring. Many vertical, angled and curved 
angled marks (for example Figure 6.43) cut across the surface of the spear, including one large deep 
gouge (Figure 6.44). 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.43. Curved angled marks, #700, 
Location 701, 6x. 
 
 Figure 6.44. Large deep gouge near spear tip, 
#700, Location 702, 25x. 
 
 
 
176 
  
Table 6.7 summarises the residues detected on #700. Plant residues comprised a thin to medium 
spread of amorphous plant tissue fragments, some of which were charred, pollen grains, phytoliths, 
starch granules and raphides that were similar in morphology to those in Figure 6.39. Some of the 
phytoliths are typical of the Poaceae Family, for example the bilobate short cell in Figure 6.45 and 
the polylobate cell in Figure 6.46. Other phytoliths, including some that were similar to Figures 
6.36 and 6.37, are typical of the Euphorbiaceae Family (Dr C. Lentfer, UQ, pers. comm., October 
2007). A few of the phytoliths displayed dull and opaque discolouration as depicted in Figure 6.46, 
indicating they had probably been burned (Parr 2006). Other detected residues included a few 
spherulites (for example Figure 6.47), sponge spicules, one diatom (Figure 6.48), a few fungal 
spores and a generally medium spread of soil particles, aragonite and charcoal 
Table 6.7. Residues identified on #700. 
 Locations Analysed 
701 702 703 704 705 706 707 708 709 710 711 712 
R
es
id
ue
s 
Blood-Hemastix® 0 - 0 - 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - - - - 
Muscle tissue - - - - - - - - - - - - 
Collagen - - - - - - - - - - - - 
Hair - - - - - - - - - - - - 
Feather - - - - - - - - - - - - 
Fish scale - - - - - - - - - - - - 
Starch 3 1 - - 2 - 2 - - 2 - - 
Raphide 4 2 4 3 2 2 - - - - - - 
Sponge spicule - - - - 1 - - - - - - 1 
Spherulite 1 1 - 1 - - - - - - - - 
Plant tissue 2 1 1 2 1 1 1 1 2 2 2 2 
Pollen/spore - - - - - - - - 1 1 - 1 
Phytolith 2 2 1 2 1 2 2 2 2 1 1 1 
Diatom - - - - - 1 - - - - - - 
Fungal tissue 1 - - 1 - - - - 1 - 1 - 
Soil particle 3 2 2 2 2 2 1 1 2 2 2 2 
Charcoal 3 3 3 3 2 2 1 1 2 2 2 2 
Pigment - - - - - - - - - - - - 
Aragonite 2 2 2 2 2 - 2 2 2 2 - 2 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
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 Figure 6.45. Bilobate short cell phytolith, 
#700, Location 706, 1000x. 
 Figure 6.46. Polylobate phytolith, #700, 
Location 703, 500x. 
  
 
 
 
Figure 6.47. Spherulites, #700, Location 702, 
1000x, cross-polarised. 
 Figure 6.48. Diatom, #700, Location 706, 500x. 
 
Residues, including a diatom, sponge spicule fragments and phytoliths from at least two plant 
families, indicate the artefact was likely manufactured or had been situated in a near-shore 
environment. Given the amount of charcoal, charred plant tissue, starch granules and raphides, the 
location was likely a campsite. Some of the charcoal may be from the charred surface of the 
artefact. The spread of aragonite suggests the spear may have been cut and/or scraped with shell 
during manufacture, a common practice of Kaiadilt wood workers (Tindale 1977:265). Some of the 
aragonite fragments may have also been soil constituents. The regularly spaced curved angled 
marks depicted in Figure 6.45 are likely manufacture marks while the large angled gouge (Figure 
6.46) may indicate #700 had been used, possibly in the sea or a river given the apparent water 
stains, and diatom and sponge spicule fragments. However, no blood, collagen and muscle tissue 
residues were detected to indicate #700 had been used to hunt turtles or dugong or to wound an 
adversary in a fight. 
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Bentinck Island Spear QE-4712-2 #800 
 
 
Figure 6.49. Artefact 800. 
 
Macroscopic Analysis and Hypothetical Use 
Artefact 800 (Figure 6.49) is a three-piece denticulate implement with 16 teeth carved along one 
edge of its heavy, approximately 740mm long head that is teardrop shape in cross-section. The 
fourth tooth from the tip is broken off and all three spliced segments of the spear are warped. The 
string binding the join of the approximately 890mm long shaft to the 1530mm long tail shaft is 
unravelling. Both the shaft and tail shaft are crafted from wood that is paler and lighter in weight 
than that of the head. As it has a shaft comprising two pieces of different lengths, this spear is a 
kujiji, used by Kaiadilt men to hunt turtles and dugong (P. Memmott, UQ, unpublished manuscript, 
1979). The implement is similarly categorised as a harpoon in the QM records (refer to Table 2.1).  
Microscopic Analysis 
The tip of #800 was slightly flattened and damaged. Figure 6.50 illustrates some of the numerous 
gouges and marks, patches of soil particles and white pigment observed adjacent to the tip at low-
magnification. A few angled and curved angled marks and random patches of white pigment were 
present at other locations on the spearhead.  
 
Figure 6.50. Curved angled and vertical marks, soil 
particles and white pigment near tip, #800, 25x. 
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Table 6.8 summarises residues detected on #800. One muscle fibre fragment (Figure 6.51) and a 
pennaceous feather fragment (Figure 6.52) were observed in addition to a moderate covering of soil 
particles. Other residues included a sponge spicule fragment, similar to Figure 6.38, spherulites, 
degraded diatoms, probable saprotophic fungal tissue, comprising hyphae and spores (for example 
Figure 6.53), a few pollen grains and phytoliths. Some of the phytoliths are typical of the 
Euphorbiaceae Family while some others are typical of the Poaceae Family (Dr C. Lentfer, UQ, 
pers. comm., October 2007). One bilobate phytolith was dark and opaque, indicating it may have 
been burned (Parr 2006). There were some pits in the fragments of mostly amorphous plant tissue. 
A sparse scattering of starch granules (for example Figure 6.54) was observed at most locations as 
well as abundant charcoal and aragonite fragments. 
Table 6.8. Residues identified on #800. 
 Locations Analysed 
801-4 805 806 807 808 809 810 811 812 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - 
Muscle tissue - - - - - - - 1 - 
Collagen - - - - - - - - - 
Hair - - - - - - - - - 
Feather - - 1 - - - - - - 
Fish scale - - - - - - - - - 
Starch 2 2 1 - 2 1 1 2 1 
Raphide - - - - - - - - - 
Sponge spicule - - - - - - 1 - - 
Spherulite 2 1 1 - - - 1 - - 
Plant tissue 2 2 2 3 3 3 3 3 3 
Pollen/spore 1 - - - - - 1 - - 
Phytolith 2 2 2 2 1 2 2 1 1 
Diatom - - - - - - 2 - - 
Fungal tissue 2 1 1 - 1 - 1 2 - 
Soil particle 2 2 2 2 2 2 3 2 2 
Charcoal 2 3 3 3 3 3 3 3 3 
Pigment 1 1 1 - - - 2 - - 
Aragonite 3 3 3 2 2 3 2 2 2 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
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Figure 6.51. Muscle fibre, #800, Location 811, 
200x, part-polarised. 
 
 Figure 6.52. Pennaceous feather fragment, 
#800, Location 806, 200x. 
  
 
 
 
Figure 6.53. Probable saprotrophic spore, 
#800, Location 810, 500x. 
 Figure 6.54. Starch granule, #800, Location 
805, 500x, cross-polarised. 
 
Although blood residues were not detected on #800, some of the angled marks adjacent to the 
damaged spear tip and the presence of a fragment of muscle tissue, aragonite, diatoms and a sponge 
spicule fragment imply it may have been used to hunt marine animals, possibly turtle or dugong as 
the ethnographic evidence suggests. There is no pattern to the white pigment, suggesting that, if the 
spear had been decorated, most of it was washed off in the sea or, alternatively it is a residue from 
handling or contact with body decoration. The tiny feather fragment is most likely a soil constituent 
as are the starch granules, although the latter residues may be the product of handling or contact 
with food. Charcoal and aragonite fragments were observed at all locations, suggesting the spear 
may have been charred and shell tools used in its manufacture (Tindale 1977:265). Alternatively, 
aragonite and charcoal fragments could be campsite soil constituents in a shoreline environment.  
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Bentinck Island Spear QE-4712-3 #900 
 
 
Figure 6.55. Artefact 900. 
 
Macroscopic Analysis and Hypothetical Use 
Artefact 900 (Figure 6.55) is a two-piece spear with a denticulate head that is 320mm long from its 
tip to the beginning of the string hafting. The splicing is different to that observed on other artefacts 
with what appear to be two small prongs on the shaft end under the hafting. The spearhead is 
teardrop-shaped in cross-section with four shallow and rounded teeth along the narrow edge. 
Overall, #900 is approximately 2,691mm in length. The shaft is of heavier wood than the head and, 
like the three-pronged kurumbu shaft observed by Roth (1901), it is decorated with regularly spaced 
rings, probably produced by charring. As it has a single piece shaft rather than the two-piece shaft 
typifying a kujiji, #900 is a mawurraji. Although the QM records categorise it as a harpoon (refer to 
Table 2.1), Kaiadilt men used mawurraji for fighting as well as hunting dugong and turtles (P. 
Memmott, UQ, unpublished manuscript, 1979).  
Microscopic Analysis 
Under low-magnification, the tip of #900 (Figure 6.56) appeared damaged with what are likely to 
be borer holes in the wood. The adjacent surface was encrusted with soil particles (Figure 6.57) and 
exhibited damage to the ends of the grains of the wood and large shallow grooves, aligned and on 
an angle to the length axis of the artefact (Figure 6.58). Angled marks, damage and large gouges 
(for example Figure 6.59) were also observed on the flatter surfaces of the spearhead. 
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Figure 6.56. Damaged tip with possible borer 
holes, #900, Location 901, 30.6x. 
 
 Figure 6.57. Surface adjacent to tip with 
encrusted soil particles, #900, Location 903, 
30.6x. 
   
 
 
 
Figure 6.58. Tip with large shallow grooves, 
#900, Location 901, 6x. 
 Figure 6.59. Large gouges, #900, Location 911, 
6x. 
 
Table 6.9 summarises the residues detected on #900, including starch granules, similar in shape to 
that depicted in Figure 6.54, probable saprotrophic fungal spores and hyphae and spherulites similar 
to those observed on #700. The phytoliths included short cell bilobate forms, typical of the Poaceae 
Family and some globular forms that are typical of the Euphorbiaceae Family (Dr C. Lentfer, UQ, 
pers. comm., October 2007). Some of the bilobate phytoliths were dark and opaque, suggesting they 
had been burned (Parr 2006). The observed pigment was white and in small irregularly placed 
smears, indicative of handling or contact with body decoration. Plant tissue fragments were mostly 
amorphous with a few bordered pits and some wood fragments.  
No blood, collagen or muscle tissue residues were detected to suggest #900 had caused a wound 
during fighting or been successfully used to hunt dugong or turtles. The combination of soil 
constituents, including diatom and sponge spicule fragments, suggests the spear was likely 
manufactured in a shoreline environment. The spear may also have been situated in a campsite at 
some stage given the presence of charcoal, starch granules and some probably burned phytoliths. 
Alternatively, the charcoal may indicate it was charred during manufacture while the starch 
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granules may have been transferred to the artefact during handling or contact with a starchy food. 
As aragonite fragments were not detected, the shallow gouges may have resulted from 
manufacturing the artefact with tools other than the shell tools traditionally used by Kaiadilt spear 
makers (Tindale 1977:265) rather than indicating it had been plunged into the soil. 
Table 6.9. Residues identified on #900. 
 Locations Analysed 
901 903 905 906 907 908 909 910 911 912 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - - 
Muscle tissue - - - - - - - - - - 
Collagen - - - - - - - - - - 
Hair - - - - - - - - - - 
Feather - - - - - - - - - - 
Fish scale - - - - - - - - - - 
Starch 1 - 2 2 - 1 3 - 3 - 
Raphide - - - - - - - - - - 
Sponge spicule 1 1 - - 1 - - - - - 
Spherulite 2 - - - 1 1 - - - - 
Plant tissue 2 3 3 3 3 3 3 3 3 3 
Pollen/spore 1 1 - - - - - - - - 
Phytolith 1 1 1 1 2 2 1 2 2 1 
Diatom - - 1 1 - - - - - - 
Fungal tissue 2 1 2 1 - - 1 1 1 1 
Soil particle 2 3 2 2 2 1 2 2 3 2 
Charcoal 2 2 3 3 3 3 3 3 3 3 
Pigment 2 - - - 1 - - 1 - - 
Aragonite - - - - - - - - - - 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
Bentinck Island Spear QE-4798-0 #1000 
 
 
Figure 6.60. Artefact 1000. 
 
Macroscopic Analysis and Hypothetical Use 
Approximately 2820mm in length, Artefact 1000 (Figure 6.60) has three denticulate prongs with 
shallow teeth and a single piece shaft. The length of the slightly curved teardrop-shaped prongs, 
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each with teeth facing inward, is approximately 196mm. The prongs and shaft are spliced together 
with string binding. The shaft is 17mm in diameter near the hafting and tapers to 5mm diameter at 
the butt, which has a hole for spearthrower attachment. The prongs and shaft appear to be made of 
the same wood. However, the shaft is decorated with regularly spaced dark rings that, according to 
Roth (1901), would have been produced by charring. Based on its morphology, Artefact 1000 is a 
kurumbu, an implement that was used by Kaiadilt men to spear large fish (P. Memmott, UQ, 
unpublished manuscript, 1979).  
Microscopic Analysis 
Low-magnification microscopic examination of #1000 revealed two prongs (Figures 6.61 and 6.62) 
had rounded tips exhibiting damage. The third prong tip was rounded and shiny (Figure 6.63). 
Unusual marks occurred adjacent to the tips, with angular bases cut at an angle to and across the 
long axis of the three prongs (for example Figure 6.62). Curved angled marks also occurred 
adjacent to the tip and some angled marks were observed at Location 1010 on the first prong 
examined. One shallow horizontal scrape aligned with the length axis was observed on the second 
prong examined (Figure 6.62). The outer surface of the prongs near the hafting exhibited soil 
particles, some embedded plant fibres and charring (for example Figure 6.64).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.61. Rounded damaged tip, #1000, 
Location 1001, 30.6x. 
 
 Figure 6.62. Rounded damaged tip, angled cut 
marks, and shallow horizontal scrape, #1000, 
Location 1002, 12.5x. 
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Figure 6.63. Rounded shiny tip, #1000, 
Location 1003, 8x. 
 Figure 6.64. Torn charred prong surface with 
soil particles and embedded plant fibre, 
#1000, Location 1011, 30.6x. 
 
Table 6.10 summarises the residues detected on #1000 that include mostly amorphous plant tissue 
fragments and charcoal fragments, some of which were relatively large and similar to those 
observed on #400, a few starch granules of similar shape to those observed on #800, probable 
saprotrophic fungal hyphae and spores and diatoms (for example Figure 6.65). Feather fragments 
(for example Figure 6.66) were observed at only one location near the hafting. All of the downy 
barbule fragments had visible spines at their nodes but no pigmentation, features occurring in some 
of the Charadiiforme Order or wading birds (Dove 2000). Observed phytoliths included globose 
(Figure 6.67) and elongate forms such as Figure 6.68, both of which are typical of the 
Euphorbiaceae Family and short cell bilobate forms typical of the Poaceae Family (Dr C. Lentfer, 
UQ, pers. comm., October 2007). Some of the latter were dark and opaque, suggesting they had 
been burned (Parr 2006). 
 
 
 
 
 
 
 
 
 
 
 
 Figure 6.65. Diatom fragment, #1000, 
Location 1005, 500x. 
 
 Figure 6.66. Feather barbule with spines at 
nodes, #1000, Location 1009, 500x. 
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Figure 6.67. Globular granulate phytolith, 
#1000, Location 1009, 500x. 
 Figure 6.68. Elongate granulate phytolith, 
#1000, Location 1003, 500x. 
 
Table 6.10. Residues identified on #1000. 
  Locations Analysed 
1001 1002 1003 1005 1006 1007 1009 1010 1011 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - 
Muscle tissue - - - - - - - - - 
Collagen - - - - - - - - - 
Hair - - - - - - - - - 
Feather - - - - - - 3 - - 
Fish scale - - - - - - - - - 
Starch - - - 2 1 - 1 - - 
Raphide - - - - - - - - - 
Sponge spicule - - - - - 1 2 - 1 
Spherulite - - - - - - - - - 
Plant tissue 1 1 1 2 1 2 3 2 3 
Pollen/spore - - - - - 1 - - - 
Phytolith 2 3 3 2 2 3 3 3 2 
Diatom - - - 1 - 1 1 - - 
Fungal tissue 2 - - 1 1 2 1 1 1 
Soil particle 2 2 2 2 2 3 3 2 2 
Charcoal 3 3 3 2 3 3 3 3 3 
Pigment - - - - - - - - - 
Aragonite 2 - 2 2 2 - 3 1 - 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
No blood, fish scales, collagen or muscle tissue residues were detected to indicate that #1000 had 
been successfully used for fishing. The presence of three feather barbules could suggest the spear 
had been used to hunt birds although without blood, collagen and/or muscle tissue they are more 
likely to be the result of handling, possibly soil constituents or fragments of body decoration from 
ceremony. The generally medium spread of soil constituents include aragonite, scattered diatom and 
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sponge spicule fragments and, in association with possible wading bird feathers, suggests #1000 
was manufactured or had been situated in a shoreline environment. Given the presence of starch, 
charcoal and some probably burned phytoliths, the spear is also likely to have been located at a 
campsite at some point. As two prongs are damaged but the tip of the third prong is not damaged or 
scraped, potentially this part of #1000 may have been replaced during repair, indicating the 
possibility of previous use. However, given the lack of use-related residues, this suggestion is 
difficult to substantiate. 
Bentinck Island Spear QE-4811-0 #1100 
 
 
Figure 6.69. Artefact 1100. 
 
Macroscopic Analysis and Hypothetical Use 
Artefact 1100 (Figure 6.69) has a 980mm long denticulate head with 21 teeth that is spliced and 
hafted with string to a single piece shaft that is approximately 2,877 mm long. The wood of the 
shaft is lighter than that of the spearhead and tapers from 25mm to 16mm in diameter at the butt end 
which has a hole for spearthrower attachment. The spearhead is teardrop-shaped in cross section 
and is bound with some additional string near the hafting. With its almost metre-long head and 
single-piece shaft, #1100 is a mawurraji, an implement used for fighting and hunting turtles and 
dugong (P. Memmott, UQ, unpublished manuscript, 1979).  
Microscopic Analysis 
Low-magnification microscopic examination of #1100 revealed a flattened tip (Figure 6.70) and a 
mixture of angled and vertical marks on the adjacent charred surface (Figure 6.71). One unusually 
deep mark near the spear tip (Figure 6.72) appeared to be more recently made as it was devoid of 
residues when viewed under low-magnification. Also near the tip were some patches of white 
pigment (Figure 6.70) and one of red pigment in which a plant tissue fragment was embedded 
(Figure 6.73). The tooth second from the tip was damaged (Figure 6.74). Much of the examined 
surface was charred, exhibited numerous vertical and angled marks and was coated with soil 
particles.  
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 Figure 6.70. Flattened tip and white pigment, 
#1100, Location 1101, 12.5x. 
 
 Figure 6.71. Angled and vertical marks on 
charred surface, #1100, Location 1101, 25x. 
  
 
 
 
Figure 6.72. Deep mark devoid of residues, 
#1100, Location 1104, 25x. 
 Figure 6.73. Soil particles, some charring, red 
pigment and embedded possible plant tissue, 
#1100, Location 1102, 30.6x. 
 
 
Figure 6.74. Damaged tooth, #1100, Location 
1106, 6.5x. 
 
 
The residues detected on #1100 are summarised in Table 6.11 and include large sponge spicule 
fragments (for example Figure 6.75) and spherulites (for example Figure 6.76). Some pits were 
observed in the amorphous plant tissue. Among the numerous phytoliths, elongate and globose 
forms, similar to those on #1000 (refer to Figures 6.67 and 6.68) and typical of the Euphorbiaceae 
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Family, were observed as well as cuneiform types. Short cell bilobate forms that occur in the 
Poaceae Family (Dr C. Lentfer, UQ, pers. comm., October 2007) were also observed. 
Table 6.11. Residues identified on #1100. 
 Locations Analysed 
1101-4 1105 1106 1107 1108 1109 1110 1111 1112 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - 
Muscle tissue - - - - - - - - - 
Collagen - - - - - - - - - 
Hair - - - - - - - - - 
Feather - - - - - - - - - 
Fish scale - - - - - - - - - 
Starch - - - - - - - - - 
Raphide - - - - - - - - - 
Sponge spicule - 1 1 - - - 1 - - 
Spherulite 2 - - - - - - - - 
Plant tissue 1 2 3 3 2 2 3 3 2 
Pollen/spore - - - - - - - - - 
Phytolith 2 2 3 2 1 2 3 3 1 
Diatom - - 2 - - - - - - 
Fungal tissue 1 - 2 2 1 - - 1 - 
Soil particle 2 3 2 2 1 2 1 1 1 
Charcoal 2 3 3 3 3 3 3 3 3 
Pigment 2 - - - - - - - - 
Aragonite 1 - - - - - - 2 - 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.75. Sponge spicule fragment, #1100, 
Location 1110, 500x. 
 
 Figure 6.76. Spherulites, #1100, Location 
1104, 500x, part-polarised. 
 
Although some of the angled marks and the damaged tooth may indicate that #1100 was thrown at 
some point, no blood, muscle or collagen residues were detected to suggest it had been used in 
fighting or used successfully to hunt dugong and turtles. Most of the residues, including the 
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spherulites and sponge spicule and diatom fragments, are likely soil constituents, suggesting the 
implement had been manufactured or situated in a shoreline environment. The thick spread of 
charcoal may indicate that the spear was located at a campsite at some stage. However, some, if not 
most of the charcoal, may be from the charred surface of the spear. As it was observed at only two 
locations, the aragonite is also likely to be a soil constituent rather than an indication that shell tools 
were used to manufacture the spear (Tindale 1977:265). The small patches of pigment are not 
patterned and thus possibly the result of contact with body decoration or an effect of handling.  
Bentinck Island Spear QE-4812-0 #1200 
 
 
Figure 6.77. Artefact 1200. 
 
Macroscopic Analysis and Hypothetical Use 
Artefact 1200 (Figure 6.77) has a 900mm long denticulate head and a bent two-piece shaft, 
approximately 2,630mm long, all of which appear to be crafted from similar wood. The spearhead 
is teardrop-shaped in cross-section with 18 teeth along the narrow edge. Some of the teeth appear 
rounded and worn. The spliced hafting of the spearhead and foreshaft is barely held together with 
unravelling string while the shaft pieces are dry with several splits in the wood. Overall the 
diameter of the shaft pieces together tapers from 20mm to 15mm. There is a hole in the butt end for 
spearthrower attachment. Based on its morphology, #1200 is a kujiji, a spear used by Kaiadilt men 
to hunt turtles and dugong (P. Memmott, UQ, unpublished manuscript, 1979).  
Microscopic Analysis 
As well as some of the teeth (Figure 6.78), the spear tip of #1200 appeared rounded and worn 
(Figure 6.79) under low-magnification examination. Soil particles and several fine, shallow angled 
and curved marks were observed on the charred surface (Figure 6.80) adjacent to the tip. Numerous 
angled and curved marks were observed at the remaining locations examined.  
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Figure 6.78. Rounded and worn tooth, #1200, 
Location 1207, 12.5x. 
 
 Figure 6.79. Rounded and worn spear tip, 
#1200, Location 1201, 9x. 
 
 
Figure 6.80. Fine angled and curved marks 
and soil particles on charred surface, #1200, 
Location 1201, 25x 
 
Residues detected on the implement are summarised in Table 6.12. The residues include abundant 
amorphous plant tissue with some helical wall thickening similar to that observed on #600 as well 
as hyphae and spores from probable saprotrophic fungi. Spherulites of similar morphology but 
smaller in size than those found on #700 were also detected. The feather fragment (Figure 6.81) 
from Location 1201 was a downy barbule with uniformly distributed vase-shaped nodes and 
pigmentation. These feather features are typical of Order Passeriforme or perching birds (Robertson 
et al. 1984:91). The other feather fragment on the spear tip was part of a degraded pennaceous 
barbule. Among the many phytoliths were bilobate forms typical of the Poaceae Family and 
globular granulate and polyhedral granulate (Figure 6.82) forms that can be found in the 
Euphorbiaceae Family (Dr C. Lentfer, UQ, pers. comm., October 2007). A few of the bilobate 
phytoliths were dark and opaque and thus, probably burned (Parr 2006). 
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Table 6.12. Residues identified on #1200. 
 Locations Analysed 
1201-4 1205 1206 1207 1208 1209 1210 1211 1212 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - 
Muscle tissue - - - - - - - - - 
Collagen - - - - - - - - - 
Hair - - - - - - - - - 
Feather 1 - - - 1 - - - - 
Fish scale - - - - - - - - - 
Starch - - 2 - - - - - - 
Raphide - - - - - - - - - 
Sponge spicule - - - - - - 1 1 - 
Spherulite 1 - - - 1 - - - - 
Plant tissue 2 3 3 3 3 3 3 3 2 
Pollen/spore - 1 - - - - - - - 
Phytolith - 3 3 3 3 2 3 3 2 
Diatom - 1 1 - - - 1 - - 
Fungal tissue 2 3 3 3 2 - 2 2 1 
Soil particle 2 2 2 2 1 1 1 2 1 
Charcoal 3 3 3 3 3 3 3 3 3 
Pigment - - - - - - - - - 
Aragonite 3 - 2 1 - - - - 1 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.81. Downy feather barbule, #1200, 
Location 1204, dry mount, 500x. 
 
 Figure 6.82. Polyhedral granulate phytolith, 
#1200, Location 1210, 500x. 
 
Most of the residues identified on #1200 are likely soil constituents. The presence of scattered 
aragonite, diatom and sponge spicule fragments and phytoliths from at least two plant families 
indicate the spear had been manufactured or situated in a shoreline environment. Abundant charcoal 
and the presence of starch and some probably burned phytoliths also suggest a campsite 
environment. The starch granules, however, were only observed at one location so may be airborne 
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contaminants or were transferred to the spear during handling, while some of the charcoal may be 
from the charred spear surface. Although #1200 exhibited some worn teeth and a rounded, worn tip 
with fine angled and curved marks on its surface, no blood, muscle tissue or collagen residues were 
detected to infer the implement had been used to spear a dugong or turtle as recorded 
ethnographically. Without such animal tissues as further evidentiary support, the feather fragments 
are also likely to be soil constituents. 
The Bentinck Island Spears Reviewed 
No complete suite of residues indicative of a specific use for any of the Bentinck Island spears was 
identified. As noted in Chapter 4, washing need not remove all use-related residues on artefacts 
(Loy 1994:96). However, in turbulent seas or flowing rivers, greater residue removal might occur, 
especially of blood residues, and hence, scant evidence of use remain. Based on this assumption, the 
suggestion was made that, being water stained in appearance, #700 was possibly used at some point 
while the presence of a fragment of muscle tissue, aragonite, diatom and sponge spicule fragments 
as well as damage to the spear tip, indicated that #800 may have been used to hunt turtles or 
dugong. In the majority of instances however, aragonite and fragments of sponge spicules and 
diatoms were classified as soil constituents from a shoreline environment.  
Gulf Mainland Spears 
Gulf Mainland Spear QE-53-2 #1300 
 
 Figure 6.83. Artefact 1300.  
 
Macroscopic Analysis and Hypothetical Use 
According to Queensland Museum records (refer to Table 2.1), Artefact 1300 (Figure 6.83) is a 
spear with a two-pronged head. However, as noted in Chapter 2 and depicted above, the implement 
has a quartzite, leilira blade head. The visible length of the stone is 85mm and the maximum width 
is 35mm. Approximately 2,045mm in length, the single piece bamboo shaft tapers from a diameter 
of 20mm next to the hafting to 12mm at the butt end. The hollow butt would allow spearthrower 
attachment, as noted in the QM records (Table 2.1). The head is hafted to the shaft with string 
binding. The twisted fibres of the string, likely made from the inner bark of melaleuca (Roth 1984 
[1901]a:8), are partially visible under a coating of black resinous material. This form of hafting 
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typifies stone-headed spears observed by Roth (1984 [1909]:190) in the Burketown area and to the 
west in the Queensland and Northern Territory border mountains. Therefore, the spear’s recorded 
place of origin, Turn Off Lagoon, west of Burketown, is likely to be accurate. By the end of the 
nineteenth century, before the QM acquired the spear (Table 2.1), Yanyuwa, Garawa and 
Ganggalida peoples were living in the Turn Off Lagoon area (Trigger 1992:26). Yanyuwa people 
used stone-headed spears, although their use is unknown (Bradley et al. 1992b:216), however, 
Waanyi, Garawa and Ganggalida men used them to hunt kangaroos, emus and other large animals 
(Trigger 1987:77).  
Microscopic Analysis 
Low-magnification microscopic examination of #1300 revealed damage to the edges of the 
spearhead, especially at the tip of the dorsal view where rounded crushing and a small feather 
terminated scar (Figure 6.84) were observed. Bending initiated feather terminated flake scars with 
some rounding were also observed on the edges of the dorsal view adjacent to the tip (for example 
Figure 6.85) and the ventral view edges adjacent to the hafting (for example Figure 6.86). In 
addition, two small bending initiated flake scars were observed on the right lateral edge of the 
dorsal view near the hafting (Figure 6.87). A fine scattering of red pigment was observed at most 
locations in from the damaged edges of the spearhead. The pigment was more thickly spread along 
the obtuse angled ridge near the tip (Figure 6.84) and the locations examined on the shaft, 
suggesting it was used to decorate the artefact. Figure 6.88 illustrates thick soil particles on the shaft 
at Location 1312. The Hemastix® tests screening for blood produced a large reaction (Figure 6.89) 
near the right lateral edge of the dorsal view adjacent to the hafting (Location 1305) and a small 
reaction near the left lateral edge adjacent to the hafting on the ventral view (Location 1308). Both 
reactions were again positive although slightly weaker following the addition of the chelating agent 
Na-EDTA that dilutes the residue solution. 
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Figure 6.84. Feather terminated scar, rounded 
crushing and red pigment, #1300, Location 
1301, Dorsal view, 30.6x. 
Figure 6.85. Bending initiated feather 
terminated flake scars, #1300, Location 1301, 
Dorsal view, 30.6x.  
   
 
 
 
Figure 6.86. Rounded bending initiated 
feather terminated flake scars, #1300, 
Location 1307, Ventral view, 8x. 
 Figure 6.87. Bending initiated flake scars, 
#1300, Location 1305, Dorsal view, 12.5x. 
   
 
 
 
 
 
 
 
Figure 6.88. Thick soil particles, #1300, 
Location 1312, 25x. 
 Figure 6.89. Hemastix® test result, 
#1300,Location 1305, Canon® DP10 camera. 
 
Table 6.13 summarises the residues identified on #1300. Muscle tissue was observed near the tip 
(Figure 6.90) and collagen, in the forms of sheet collagen (Figure 6.91) and bone (Figure 6.92), was 
observed on the dorsal view adjacent to the hafting. Fragments of hair were also detected on the 
spear with two, possibly possum hairs (for example Figure 6.93), from near the right lateral edge 
adjacent to the hafting (dorsal view) and two, possibly of Pteropus sp. (fruit bat) (for example 
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Figure 6.94) from the shaft. Due to its degraded nature, the remaining hair fragment detected on the 
shaft could not be identified (Dr B. Triggs, pers. comm., November 2007).  
Table 6.13. Residues identified on #1300. 
 Locations Analysed 
1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311 1312 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 5 0 0 3 0 0 0 0 
Blood-Na-EDTA - - - - 4 - - 2 - - - - 
Muscle tissue - 1 - - - - - - - - - - 
Collagen - - - - 1 1 - - - - - - 
Hair - - - - - 2 - - 2 - - 1 
Feather - - - - - - - - - - - - 
Fish scale - - - - - - - - - - - - 
Starch 2 2 2 1 1 2 2 1 1 2 - 1 
Raphide - - - - - - - - - - - - 
Sponge spicule - - 1 - 2 - - 1 - - 1 - 
Spherulite - 2 - - - - - - - - - - 
Plant tissue 1 3 3 3 2 2 1 2 2 1 1 1 
Pollen/spore - - - - - - - - - - - - 
Phytolith - 3 3 3 3 3 2 3 3 3 3 3 
Diatom - - - 1 1 1 - 1 - - - - 
Fungal tissue 1 1 2 2 2 1 1 2 - 1 1 1 
Soil particle 1 2 2 2 2 1 1 2 1 2 1 3 
Charcoal 2 3 3 3 3 2 2 3 2 2 2 2 
Pigment 3 1 1 1 1 1 - - 2 3 2 2 
Aragonite - 3 3 3 3 2 1 3 1 1 2 1 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
 
Figure 6.90. Muscle tissue, #1300, Location 1302, 
500x, part-polarised. 
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Figure 6.91. Sheet collagen, #1300, Location 
1306, dry mount, 500x. 
 
 Figure 6.92. Bone fragment, #1300, Location 
1305, 200x, cross-polarised. 
   
 
 
 
Figure 6.93. Possible possum hair, #1300, 
Location 1306, dry mount, 500x. 
 Figure 6.94. Possible fruit bat hair, #1300, 
Location 1309, 500x, cross-polarised. 
 
Bending initiated flake scars observed on a spearhead are not reported as indicative of impact 
damage in Dockall’s (1997) review of research on projectile point use-wear and bending initiated 
feather terminated flake scars often indicate a stone blade had been used for cutting (Dockall 
1997:324-325). However, their presence in association with crushing and rounding at the spear tip 
suggests #1300 may have functioned as a projectile, coming in contact with bone, soil and stones 
(Dockall 1997:324). Putative blood residues on both the dorsal and ventral views of the blade, 
muscle tissue and a bone fragment provide additional evidence for use on an animal. The possible 
possum and fruit bat hairs may indicate the spear was used to dispatch these small creatures 
although there is no such activity recorded in the relevant ethnographic records. It is possible, 
however, they needed to spear smaller animals to increase meat resources due to the loss of access 
to their traditional hunting grounds (Trigger 1992:29) prior to 1909 when the QM acquired #1300 
(refer to Table 2.1). Alternatively, two of the hair fragments may be remnants of possum hair string 
made and used by Aboriginal people in northwest Queensland (Roth 1984 [1901]a:8) and 
transferred to the spear through handling.  
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The remaining residues listed in Table 6.13 are likely soil constituents, including saprotrophic 
fungal hyphae and spores and amorphous plant tissue fragments. The phytoliths comprised globular 
and abundant elongate forms found in the Euphorbiaceae Family of plants and cuneiform and 
polylobate forms, typical of the Poaceae Family (Dr C. Lentfer, UQ, pers. comm., October 2007). 
Some of the phytoliths were dark and opaque, indicating they were probably burned (Parr 2006). 
Abundant phytoliths from at least two plant families, aragonite and a few scattered diatom and 
small sponge spicule fragments indicate the spear had likely been manufactured or situated close to 
an aquatic or marine environment. Abundant charcoal, the presence of starch granules and the 
probably burned phytoliths suggest the spear had also been in a campsite. 
Gulf Mainland Spear QE-53-3 #1400 
 
 
Figure 6.95. Artefact 1400. 
 
Macroscopic Analysis and Hypothetical Use 
As depicted, #1400 (Figure 6.95) is a two-pronged implement with the visible wooden parts of the 
prongs 240mm long. The entire artefact is very light in weight and the wood of the prongs and shaft 
is dusted with red pigment. One prong, 13mm in diameter near the hafting, is more spatulate than 
the other acicular and slightly narrower prong. The spear has a single piece bamboo shaft, 
approximately 2,004mm long that tapers from 22mm in diameter near the hafting to 13mm at the 
butt. The hafting consists of some form of string binding coated with a resinous material that is 
cracking in places. String, coated with the same sort of resinous material, is also bound round a 
small section of the shaft near the shaft butt. The hollow bamboo butt would permit spearthrower 
attachment, as the QM records indicate in Table 2.1. The QM also records the spear originating 
from Turn Off Lagoon, probably in Waanyi country (Prof. D. Trigger, UQ, pers. comm., 2009). 
However, as there was significant movement of Gulf mainland peoples prior to the time the QM 
acquired the artefact (George 1984), it is pertinent to note that Wannyi and neighbouring 
Ganggalida and Garawa peoples used two-pronged spears mainly for fishing but also for hunting 
animals such as goannas (Trigger 1987:77) whereas Yanyuwa people only used them for fishing 
(Bradley et al. 1992b:300).  
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Microscopic Analysis 
The two prongs of #1400 displayed both similarities and differences under low-magnification 
microscopic examination. Although one prong tip was extremely worn and pitted in appearance 
(Figure 6.96), the other was smoother and shiny (Figure 6.97), suggesting it may be a replacement, 
fitted during repair of the implement at some stage. Both exhibited damage, fine angled scrape 
marks (for example, Figures 6.98 and 6.99), curved angled marks and thick patches of soil particles 
on their adjacent surfaces. Some charring (Figure 6.99) was observed on the prongs of the spear. 
Hemastix® tests screening for blood resulted in a trace reaction at Location 1407. However, no 
reaction occurred following the addition of the chelating agent Na-EDTA, indicating the further 
dilution may have reduced the concentration of haemoglobin below the level of detection with 
Hemastix® or materials such as chlorophyll or mineral ions were present in the residue matrix 
removed from this location (Loy 1993:62).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.96. Very worn pitted prong tip, 
#1400, Location 1404, 25x. 
 
 Figure 6.97. Smooth and shiny prong tip, 
#1400, Location 1402, 30.6x. 
   
 
 
 
Figure 6.98. Damaged area, #1400, Location 
1402, 30.6x. 
 Figure 6.99. Fine angled scrape marks and 
charring, #1400, Location 1404, 30.6x. 
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The overall coverage of red pigment observed on #1400 (refer to Table 6.14) suggests application 
of the material to protect it from splitting during storage (George 1984:2). The majority of the 
remaining residues observed on the spear, including a single tiny hair fragment, identified by Dr B. 
Triggs (pers. comm., November 2007) as possibly possum species, are likely soil constituents. 
Phytoliths were abundant and included polylobate, bilobate and cuneiform forms found in the 
Poaceae Family and elongate psilate, elongate granulate and globular granulate forms that can be 
found in the Euphorbiaceae Family (Dr C. Lentfer, UQ, pers. comm., October 2007). Other residues 
included probable saprotrophic fungal hyphae and raphides (similar in morphology to those 
observed on #600) and amorphous plant tissue fragments. Pollen grains, observed at two locations, 
included one possible spore (Figure 6.100), although the y-shaped suture characteristic of spores 
(Raven et al. 1999:506) is indistinct. The presence of sponge spicules, one diatom and a relatively 
even, although thin coverage of aragonite indicate #1400 had been manufactured or, at some stage, 
situated near a marine or aquatic environment. Some of the aragonite may indicate the use of shell 
tools in the spear’s manufacture (Roth 1984 [1904]:21, 22). Abundant starch granules, the majority 
of which were similar in size and morphology to those depicted in Figure 6.101, and charcoal also 
suggest the spear having been situated in a campsite environment. Some of the starch granules and 
the raphides may have been transferred to the spear following handling of starchy food, possibly 
including aroid corms. Both prong tips exhibited damage and fine angled marks on their adjacent 
surfaces, potentially indicating the spear had been thrown. However, no muscle tissue or collagen 
was detected to support the possible presence of putative blood residues at Location 1407, nor any 
suggestion the implement had speared a large lizard or fish. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.100. Possible spore, #1400, Location 
1411, dry mount, 500x. 
 
 Figure 6.101. Starch granules, #1400, 
Location 1412, dry mount, 500x, cross-
polarised. 
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Table 6.14. Residues identified on #1400 
 Locations Analysed 
1401 1402 1403 1404 1405 1406 1407 1408 1409 1410 1411 1412 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 2 0 0 0 0 0 
Blood-Na-EDTA - - - - - - 0 - - - - - 
Muscle tissue - - - - - - - - - - - - 
Collagen - - - - - - - - - - - - 
Hair - - 1 - - - - - - - - - 
Feather - - - - - - - - - - - - 
Fish scale - - - - - - - - - - - - 
Starch 2 4 3 3 2 4 4 3 2 4 4 3 
Raphide - - - - - - - - - 2 - - 
Sponge spicule - 1 1 1 1 - 1 1 1 1 - 1 
Spherulite - - - - - - - - - - - - 
Plant tissue 2 3 2 2 3 2 3 3 3 2 3 3 
Pollen/spore - 1 - - - - - - - - 1 - 
Phytolith 3 3 3 3 3 3 3 3 3 3 3 3 
Diatom - - 1 - - - - - - - - 1 
Fungal tissue 1 2 2 2 1 1 2 2 1 1 1 3 
Soil particle 2 3 3 2 3 2 2 2 3 2 3 3 
Charcoal 1 3 3 3 3 2 3 3 3 2 3 3 
Pigment - 2 2 1 3 3 3 3 3 2 3 3 
Aragonite 1 1 1 1 1 1 1 2 1 1 1 1 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
Gulf Mainland Spear QE-4708-0 #1500 
 
 
Figure 6.102. Artefact 1500. 
 
Macroscopic Analysis and Hypothetical Use 
Artefact 1500 (Figure 6.102) is a heavy implement made of dark, dense hardwood. Although 
appearing to be a single piece weapon, there is a section of thick resinous material around the shaft, 
beginning 355mm from the butt, suggesting it may have a short aftshaft. Four teeth are carved in 11 
rows around the spearhead, tapering in size from near the shaft to the tip. Several of the teeth are 
broken, including one in the first row near the spear tip. The length of the denticulate head is 
488mm and that of the whole shaft is approximately 2,000mm. The shaft tapers in diameter from 
18mm near the head to 11mm at the butt that has a hole for spearthrower attachment. Artefact 1500 
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is recorded as originating from near Burketown (refer to Table 2.1). There is no record in the 
ethnographic literature of the possession or use of this type of denticulate spear by any of the 
Aboriginal peoples from the Gulf mainland. However, the spear observed in Western Australia by 
Bates (n.d.:26; see also Davidson 1934:66,70) and described in Chapter 1 is similar in morphology, 
suggesting that #1500 was possibly a traded item. As discussed in Chapter 3, Yanyuwa people 
possessed a variety of single- and double-row denticulate spears (see for example Bradley et al. 
1992b:199), however, their uses are unknown. Waanyi, Ganggalida, and Garawa peoples used 
similar denticulate spears with teeth down one or both sides of the head for fighting (Trigger 
1987:78), although Garawa men used them for punishment and retribution as well (George 1984:4).  
Microscopic Analysis 
Low-magnification microscopy revealed the edges of the damaged tip of #1500 to be rounded, 
charred and shiny with very fine angled marks on the surface (Figure 6.103). Small faceted chop 
marks (Figure 6.104) were observed on the surface adjacent to the spear tip, possibly indicating use 
of a metal tool in the implement’s manufacture or subsequent repair. Angled marks also occurred at 
the remaining locations examined. The wood appeared torn where the tooth near the tip is missing 
(Figure 6.105) while other tooth tips were damaged (for example Figure 6.106). Soil particles, 
mostly in thick quantities and often with small fibres (as depicted in Figure 6.106), and patches of 
charring and red pigment were observed at the majority of locations. Some of the pigment occurred 
where soil had been removed, suggesting the entire spearhead had originally been coated with the 
material.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.103. Shiny, charred, damaged tip 
with fine angled marks, #1500, Location 1501, 
30.6x. 
 Figure 6.104. Faceted surface of tip, coated 
with soil particles, #1500, Location 1502, 6x. 
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Figure 6.105. Torn surface where tooth is 
missing near tip, #1500, Location 1502, 12.5x. 
 Figure 6.106. Damaged tooth tip with thick 
soil particles and small fibre, #1500, Location 
1506, 30.6x. 
 
Table 6.15 summarises the residues identified on #1500, including two fragments of muscle tissue 
(Figures 6.107, 6.108 and 6.109) and hair fragments. The hairs, similar to those depicted above in 
Figures 6.93 and 6.94, were identified by Dr B. Triggs, (pers. comm., November 2007) as possibly 
possum (from Locations 1505 and 1508) and possibly Pteropus sp. or fruit bat (from Locations 
1505 and 1509). Although no blood, collagen or possible human hair was detected to infer the 
implement had been used for fighting or as an instrument for punishment, the presence of muscle 
tissue, possible possum and fruit bat hair and the damage and marks observed on the implement, 
especially near the tip, suggest #1500 had been used for hunting small animals. Although no 
ethnographic record of such an activity has been found, Aboriginal people used some spears for a 
variety of purposes (Davidson 1934:47). The owner of this spear possibly needed to spear such 
animals to increase meat resources following the usurpation of their traditional hunting territories 
(Trigger 1992:29) prior to 1909 when the QM acquired the spear (refer to Table 2.1).  
Other residues detected on #1500 including amorphous plant tissue fragments are likely soil 
constituents, although some of the hyphae and spores from probable saprotrophic fungi indicate 
likely feeding on the decaying wood of the spear. The phytoliths were of numerous morphologies, 
including cylindrical polylobate, elongate and bilobate short cell forms that are common in the 
Poaceae Family, elongate psilate, irregular and globular granulate forms, typically from the 
Euphorbiaceae Family, and globular echinate forms (for example Figure 6.110), found in the 
Palmae Family (palms) (Dr C. Lentfer, UQ, pers. comm., October 2007). Several phytoliths, mostly 
typical of the Poaceae, were opaque and dark, suggesting they were probably burned (Parr 2006). 
The presence of degraded small diatom and sponge spicule fragments (for example Figure 6.111) 
and an overall medium spread of aragonite fragments (for example Figure 6.112 indicate #1500 is 
likely to have been manufactured or situated near an aquatic or marine environment. The presence 
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of starch granules, abundant charcoal and some probably burned phytoliths also suggest the spear 
was, at some stage, situated in a campsite. 
Table 6.15. Residues identified on #1500 
 Locations Analysed 
1501 1502 1503 1504 1505 1506 1507 1508 1509 1510 1511 1512 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - - - - 
Muscle tissue - - - - - - 1 1 - - - - 
Collagen - - - - - - - - - - - - 
Hair - - - - 2 - - 2 2 - - - 
Feather - - - - - - - - - - - - 
Fish scale - - - - - - - - - - - - 
Starch 1 2 1 2 1 1 3 3 3 3 3 2 
Raphide - - - - - - - - - - - - 
Sponge spicule 1 1 1 - - 1 1 - - 1 - - 
Spherulite - - - - - - - - - 1 - - 
Plant tissue 2 2 2 2 2 2 2 2 1 2 2 2 
Pollen/spore - 1 1 - 1 - - 1 - - 1 1 
Phytolith 3 3 3 3 3 3 3 3 3 3 3 3 
Diatom - - - 1 1 1 1 1 - 1 1 1 
Fungal tissue 3 3 3 3 3 3 3 3 3 3 3 3 
Soil particle 3 3 3 3 3 3 3 3 3 3 3 2 
Charcoal 3 3 3 3 3 3 3 3 3 3 3 3 
Pigment - - - - 1 3 3 3 3 3 3 3 
Aragonite 2 2 3 1 3 2 3 3 2 3 2 2 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.107. Muscle tissue, #1500, Location 
1507, dry mount, 200x. 
 
 Figure 6.108. Muscle tissue, #1500, Location 
1507, dry mount, 200x, cross-polarised. 
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Figure 6.109. Muscle tissue, #1500, Location 
1508, dry mount, 500x. 
 Figure 6.110. Globular echinate phytolith, 
#1500, Location 1503, 500x. 
   
 
 
 
 
 
 
 
Figure 6.111. Sponge spicule fragment, #1500, 
Location 1502, 500x. 
 Figure 6.112. Aragonite fragment, #1500, 
Location 1505, 500x, part-polarised. 
 
Gulf Mainland Spear QE-4731-0 #1600 
 
 
Figure 6.113. Artefact 1600.  
 
Macroscopic Analysis and Hypothetical Use 
Artefact 1600 (Figure 6.113), an implement made of a heavy hardwood, has four barbed prongs 
hafted to an approximately 1,644mm long single-piece shaft. The bone barbs face inwards and are 
approximately 71mm long and the prongs 553mm to the beginning of the hafting. The hafting 
consists of string coated with resinous material and decorated with red pigment that is now fading. 
There is also a band of faded red pigment on each prong near the hafting. As the butt is broken off, 
it is impossible to tell whether the slightly tapered shaft that is split near the hafting was originally 
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composite with a hole for spearthrower attachment. Artefact 1600, acquired by the QM in 1909, 
originated from near Burketown (refer to Table 2.1) where Waanyi, Garawa, Ganggalida and 
Yanuwa peoples were situated (Trigger 1992:26). However, according to available ethnography, 
only Yanyuwa people had four-pronged hardwood spears, kalkaji, that were used for fishing 
(Bradley et al. 1992a:162) although whether the prongs of these implements were barbed is 
unknown.  
Microscopic Analysis 
Low magnification microscopic examination of #1600 revealed each slightly curved bone barb is 
held in place on a prong end with a small amount of resinous material and the join bound with 
tendon (Figures 6.114 and 6.115). All of the barbs exhibited some shine and rounding on their tips, 
possibly indicative of use (Buc 2011:555). Two were evenly rounded while the third (Figure 6.116) 
and fourth, although rounded, appeared more angled and worn. Very fine almost vertical marks 
(Figure 6.117), not considered indicative of projectile point use (Buc 2011:552), were observed on 
the bone surface adjacent to the tip of the third barb. In addition to similar and also longer and 
wider vertical and some angled marks, curved angled marks (for example Figures 6.118 and 6.119) 
were observed on the charred surfaces of the wooden prongs. Soil particles were visible at all 
locations and Hemastix® tests produced trace reactions at Locations 1603, 1604 and 1611. 
However, with the addition of the chelating agent Na-EDTA, no reactions occurred, indicating the 
presence of materials such as chlorophyll or mineral ions in the removed residues (Loy 1993:62). 
Alternatively, the further dilution may have reduced the concentration of haemoglobin below the 
level of detection with Hemastix®.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.114. Tendon bound bone barbed tip, 
#1600, Location 1601, 7x. 
 
 Figure 6.115. Resinous material holding bone 
barb and wood under tendon binding, #1600, 
Location 1604, 6x. 
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Figure 6.116. Shiny, worn angled bone barb 
tip, #1600, Location 1603, 30.6x. 
 Figure 6.117. Almost vertical very fine marks 
on barb, #1600, Location 1603, 30.6x.   
   
 
 
 
 
 
 
 
Figure 6.118. Angled curved mark, #1600, 
Location 1607, 25x. 
 Figure 6.119. Angled curved mark, #1600, 
Location 1609, 30.6x. 
 
Among the residues identified on #1600 and summarised in Table 6.16 were hair fragments. These 
were located on two of the barbs but were too degraded for identification to any taxonomic level. 
One fragment of possible skeletal muscle tissue with fissures (Figure 6.120) and other muscle tissue 
fragments were observed on three of the four bone barbs (for example Figures 6.121 and 6.122) and 
on one prong. A single fragment of sheet collagen (Figure 1.123) was also observed on the second 
barb examined. The long coiled collagen fibrils (Figure 1.124) on the fourth barb are most likely 
tendon hafting remnants. If #1600 is a Yanyuwa kalkaji, blood residues and fish scales may have 
been washed away in the sea or a river, in which case, the muscle tissue, sheet collagen, diatom and 
sponge spicule fragments, rounding of the barb tips and the angled curved marks on the prongs may 
indicate the implement had speared fish or other marine or aquatic creatures. Tucked under the 
fourth barb was a feather fragment with pennaceous barbules, attached to which were the remains 
of a probable feather mite (Figure 1.125). Two downy feather barbules with evenly spaced, vase-
shaped nodes similar to that on #1200 and possibly from a perching bird/s (Robertson et al. 
1984:91) were also observed on the first barb examined and are likely to be soil constituents. As 
mentioned previously, Aboriginal people, within and between different geographic regions, used 
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different spears for the same purpose and the same spear for multiple tasks (Davidson 1934:47). 
Yanyuwa men used the two-piece, acicular-headed bunarra to spear wading birds (Bradley et al. 
1992a:143). Therefore, the pennaceous feather fragment, although not diagnostic to bird order, and 
muscle tissue might indicate #1600 was not only used for fishing, but also used for procuring 
wading birds. 
Table 6.16. Residues identified on #1600 
  Locations Analysed 
1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 
R
es
id
ue
s 
Blood-Hemastix® 0 0 2 2 0 0 0 0 0 0 2 0 
Blood-Na-EDTA - - 0 0 - - - - - - 0 - 
Muscle tissue 1 1 1 - - - - - - - - 1 
Collagen - 1 - 3 - - - - - - - - 
Hair 2 - - 2 - - - - - - - - 
Feather 2 - - 1 - - - - - - - - 
Fish scale - - - - - - - - - - - - 
Starch 2 2 1 1 - - 1 - - 1 1 1 
Raphide - - - - - - - - - - - - 
Sponge spicule 1 - 1 1 - 1 1 1 - 1 1 - 
Spherulite - - - - - - - - - - - - 
Plant tissue 1 2 2 2 2 2 2 2 2 2 3 2 
Pollen/spore - - - - - 1 - 1 - - - - 
Phytolith 3 3 3 3 3 3 3 3 3 3 3 3 
Diatom - - - 1 - - 1 1 - - 1 - 
Fungal tissue 2 2 2 3 2 3 2 3 2 1 1 2 
Soil particle 2 2 2 2 2 2 2 2 1 2 2 1 
Charcoal 3 3 3 3 3 3 3 3 2 3 3 3 
Pigment - - - - - 1 1 1 1 1 - 1 
Aragonite 1 1 1 1 1 1 - 1 - 1 - - 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
 
 
 
 
 
 
 
 
 
 
Figure 6.120. Possible striated muscle tissue 
with fissures, #1600, Location 1601, dry 
mount, 200x, part-polarised. 
 Figure 6.121. Muscle tissue, #1600, Location 
1602, dry mount, 500x, part-polarised. 
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Figure 6.122. Muscle tissue, #1600, Location 
1603, dry mount, 500x, part-polarised. 
 Figure 6.123. Sheet collagen, #1600, Location 
1602, dry mount, 500x, part-polarised. 
   
 
 
 
 
 
 
 
Figure 6.124. Coiled tendon fibrils, #1600, 
Location 1604, dry mount, 500x. 
 Figure 6.125. Probable feather mite on 
pennaceous feather barbule, #1600, Location 
1604, dry mount, 500x. 
 
Other residues on #1600 included mostly amorphous plant tissue fragments, hyphae and spores 
from probable saprotrophic fungi, feeding on decaying organic material in adhering soil or the 
prong wood itself, and phytoliths from at least two plant Families, the Euphorbiceae and Poaceae 
(Dr C. Lentfer, UQ, pers. comm., October 2007). Several phytoliths were dark and opaque, 
indicating they had probably been burned (Parr 2006). The presence of sponge spicule and diatom 
fragments, aragonite and a variety of phytoliths indicate #1600 was manufactured or had probably 
been situated near a marine or aquatic environment. Abundant fine charcoal fragments, a variety of 
probably burned phytoliths, starch granules (averaging 15µm in diameter) and degraded hair 
fragments suggest the implement had also been situated in a campsite.  
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Gulf Mainland Spear QE-4685-0 #1900 
 
 
Figure 6.126. Artefact 1900. 
 
Macroscopic Analysis and Hypothetical Use 
Like #1300, #1900 (Figure 6.126) is a stone-headed spear, although the stone is of darker quartzite. 
The blade is 88mm long and 35mm across the widest part. The head is quite loose in the damaged 
hafting of string coated with dark resinous material. The single-piece shaft of lightweight wood, 
approximately 2460mm long, has a hole in the butt to accommodate a spearthrower. According to 
museum records (refer to Table 2.1), #1900 originated from the northwest Queensland and Northern 
Territory border area and so could have been in the possession of anyone from a number of 
Aboriginal peoples whose lands were in the north of either state. Relevant ethnographic information 
is not available for all of these groups, however, as noted above, in the southern Gulf of Carpentaria 
region, Ganggalida, Garawa and Waanyi men used stone-headed spears to hunt large animals 
(Trigger 1987:77).  
Microscopic Analysis 
Low-magnification microscopy revealed most locations examined were thinly coated with red 
pigment. The left lateral and right lateral edges of both the dorsal and ventral views of the blade 
exhibited bending initiated feather terminated flake scars, feather terminated scars and rounding 
similar to those observed on #1300. One rounded feather terminated flake scar was observed beside 
a fresher scar on the dorsal view adjacent to Location 1902 (Figure 6.127). The fresher scar may 
indicate more recent use or subsequent damage. Some curved angled marks were observed on the 
shaft although most were vertical. Trace reactions to the Hemastix® tests were observed for three 
locations on the shaft. The reactions were negative following the addition of Na-EDTA, suggesting 
the further dilution may have reduced the haemoglobin concentration below the level of detection 
with Hemastix®, or indicating the presence of mineral ions or chlorophyll in the residues (Loy 
1993:62). 
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Figure 6.127. Rounded feather terminated flake scar 
beside fresher scar, #1900, Location 1902, 8x. 
 
 
Residues detected on the spear and summarised in Table 6.17 included muscle fibre fragments, 
similar to those on #1300, on the dorsal and ventral view of the blade. Two fragments of sheet 
collagen, one of which is depicted in Figures 6.128 and 6.129 were observed near the tip of the 
dorsal view as were several feather fragments. The feather residues consisted of non-pigmented 
pennaceous and downy barbules, most of which were quite damaged, degraded and non-diagnostic 
although a few short downy fragments displayed spines at one or two nodes. The presence of these 
residues and abundant soil constituents (discussed below) on the blade and bending initiated feather 
terminated flake scars in association with rounding along the lateral edges suggests #1900 
functioned as a projectile (Dockall 1997:324). Although no blood or hairs were detected, the 
implement was possibly used for dispatching birds and/or large animals. 
The absence of blood and hair residues on the blade can possibly be explained by the presence of 
sponge spicule and diatom fragments and aragonite that suggest the spearhead may have been 
immersed in the sea or a river. Such a scenario implies the blade was dusted with red pigment 
during post-use maintenance. Alternatively, the aragonite, sponge spicule and diatom fragments 
may indicate the spear was thrust into damp soil adjacent to a water source or soil from a dried 
watercourse after use. The remaining residues are likely soil constituents, consisting of generally 
thick quantities of soil particles and phytoliths, a variety of pollen grains (for example Figure 
6.130), probable saprotrophic fungi fragments and plant tissue fragments, including trichomes and 
sieve elements. The phytoliths included bilobate and elongate forms, typical of the Poaceae Family 
and globular and elongate forms (for example Figure 1.131) that are typical of the Euphorbiaceae 
Family (Dr C. Lentfer, UQ, pers. comm., October 2007). Some of these microfossils were dark and 
opaque indicating they were probably burned (Parr 2006). Starch granules similar in size and 
morphology to that depicted in Figure 6.54 were observed at most locations. Although the starch 
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granules may have been transferred to the spear through handling, their presence in association with 
abundant charcoal and a variety of likely burned phytoliths suggests #1900 was situated in an open 
campsite at some point. 
Table 6.17. Residues identified on #1900 
  Locations Analysed 
  1901 1902 1903 1904 1905 1906 1907 1908 1909 1910 1911 1912 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 2 2 0 2 
Blood-Na-EDTA - - - - - - - - 0 0 - 0 
Muscle tissue 1 - - - 1 1 - 1 - - - - 
Collagen - 2 - - - - - - - - - - 
Hair - - - - - - - - - - - - 
Feather 3 - - - - - - - - - - - 
Fish scale - - - - - - - - - - - - 
Starch 3 2 1 2 3 2 2 2 - 1 1 2 
Raphide - - - - - - - - - - - - 
Sponge spicule 1 1 - 1 - 1 1 1 - - - - 
Spherulite - - - - - - - - - - - 1 
Plant tissue 1 1 1 1 2 1 1 1 2 2 1 1 
Pollen/spore 2 1 1 1 1 2 1 1 - - -  
Phytolith 3 3 3 3 3 3 3 3 - 1 1 3 
Diatom 1 1 1 1 1 - 1 1 - - - 1 
Fungal tissue 2 3 2 3 3 2 3 3 - 2 1 2 
Soil particle 3 3 3 3 3 3 3 3 - 1 1 1 
Charcoal 3 3 3 3 3 3 3 3 - 1 2 2 
Pigment 1 2 1 1 1 1 - - 1 1 1 1 
Aragonite 2 1 - 1 2 1 1 3 1 1 2 2 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.128. Sheet collagen, #1900, Location 
1902, dry mount, 500x, part-polarised. 
 
 Figure 6.129. Sheet collagen, #1900, Location 
1902, dry mount, 500x cross-polarised. 
   
 
 
213 
  
 
 
 
Figure 6.130. Pollen grain, #1900, Location 
1901, 500x. 
 Figure 6.131. Elongate phytoliths, #1900, 
Location 1907, 500x. 
 
Pitta-Pitta Spears 
Pitta-Pitta Spear QE-4698-0 #1700 
 
 
Figure 6.132. Artefact 1700. 
 
Macroscopic Analysis and Hypothetical Use 
A single-piece implement of smooth heavy wood, #1700 (Figure 6.132) has a long lanceolate head 
that is approximately 700mm long and at its widest part, 48mm across and 13mm deep. The entire 
spear is approximately 2,560mm long. The shaft, 26mm in diameter, has a blunt rounded butt 
unsuitable for spearthrower attachment. Such lanceolate-headed hand spears were called tum-ba-ra 
(Roth 1984 [1897]:37), the specific use/s of which is unknown, however, Pitta-Pitta men used 
longer versions of the implement to hunt cattle (Roth 1984 [1897]:147). Residues indicative of this 
use are similar to those for hunting large game (refer to Table 3.7) but would include cattle hair. 
Microscopic Analysis 
The tip of #1700 was charred, coated with soil particles and quite damaged (Figure 6.133), in stark 
contrast to the red pigment-decorated (Figure 6.134) wider surfaces of the blade. The pigment at 
Location 1705 was a small smear of white material, possibly the result of handling or contact with 
body decoration. Very fine angled marks occurred on the adjacent surfaces of both flatter tip faces 
(for example Figure 6.135). These and other angled marks were observed at the remaining 
locations. Other marks occurring where the blade broadened included fine and wide, very regular 
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angled and almost vertical marks (for example Figure 6.136), possibly caused by a metal 
manufacturing tool.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.133. Damaged tip, charred surface 
and soil particles, #1700, Location 1701, 17x. 
 
 Figure 6.134. Red pigment on spear surface, 
#1700, Location 1712, 8x. 
   
 
 
 
Figure 6.135. Very fine angled marks and 
curved mark, #1700, Location 1701, 30.6x. 
 Figure 6.136. Almost vertical regular marks, 
#1700, Location 1706, 8x. 
 
Most of the residues observed on #1700 and summarised in Table 6.18 are likely soil constituents, 
including amorphous plant tissue fragments and hyphae and spores from probable saprotrophic 
fungi, feeding on the spear wood or organic soil constituents. The majority of phytoliths comprised 
polyhedral and globular granulate forms typical of the Euphorbiaceae Family and parallelepipedal 
and polylobate forms found in the Poaceae Family (Dr C. Lentfer, UQ, pers. comm., October 2007). 
These residues suggest the spear was manufactured or situated at some stage in a terrestrial 
environment, especially given the single tiny sponge spicule fragment (22µm long) and few 
aragonite fragments. As none of the phytoliths were dark and opaque, a probable indication they 
were burned (Parr 2006), the charcoal is likely to be from the charred surface of the implement 
itself rather than being indicative of the spear having been situated in a camp environment. The 
single starch granule is very probably airborne contamination. As discussed above, #1700 may have 
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been thrown but no blood, muscle tissue, collagen or hair residues were detected suggesting it was 
successfully used to spear cattle. 
Table 6.18. Residues identified on #1700 
 Locations Analysed 
1701 1703 1705 1706 1707 1708 1709 1710 1711 1712 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - - 
Muscle tissue - - - - - - - - - - 
Collagen - - - - - - - - - - 
Hair - - - - - - - - - - 
Feather - - - - - - - - - - 
Fish scale - - - - - - - - - - 
Starch - - - 1 - - - - - - 
Raphide - - - - - - - - - - 
Sponge spicule - - - - - - - 1 - - 
Spherulite - - - - - - - - - - 
Plant tissue 1 1 1 1 1 1 1 1 1 1 
Pollen/spore - - - - - - - - - - 
Phytolith 1 2 2 3 2 2 2 3 3 2 
Diatom - - - - - - - - - - 
Fungal tissue - 1 1 1 1 - - 1 1 1 
Soil particle 2 2 2 3 2 1 1 2 2 1 
Charcoal 2 2 2 3 2 2 2 2 3 2 
Pigment - - 1 - - - 1 1 3 - 
Aragonite - 1 1 - - - 1 - - - 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
Pitta-Pitta Spear QE-4744-0 #1800 
 
 
Figure 6.137. Artefact 1800. 
 
Macroscopic Analysis and Hypothetical Use 
Artefact 1800 (Figure 6.137) is a heavy two-piece spear with a flattened acicular head, hafted to an 
approximately 2410mm long shaft that tapers from 22mm diameter to 7mm at the butt. The 
spearhead is 103mm in length and 18mm wide at the beginning of the spliced hafting that is bound 
and coated in resinous material and extends for 79mm. There is no hole in the butt to accommodate 
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a spearthrower. The only similar implement described in the literature pertaining to the Pitta-Pitta 
people in the Boulia area is the percha-marro. However, the percha-marro, was a three-piece 
woomera spear with a wooden barb attached to the head, held loosely in place with hafting binding 
and resin with the head itself being approximately 400mm long (Roth 1984 [1897]:147). Closer 
inspection of the spearhead revealed a dished area and torn and damaged wood near the hafting on 
one of the flatter surfaces, possibly indicative of a barb once being attached. Although Roth (1984 
[1897]:147) does not stipulate a percha-marro’s use, citing Pitta-Pitta men he notes that the barb 
increased the difficulty in dislodging the spearhead, possibly implying the implement was a fighting 
weapon. Artefact 1800 may also have been used for fighting as it has a flattened acicular head with 
some evidence that it was once barbed.  
Microscopic Analysis 
The tip of #1800 appeared fairly flattened and damaged (Figure 6.138) under low-magnification 
examination. One horizontal mark and several angled marks (for example Figure 6.139) were 
observed adjacent to the tip. Along with a few curved angled marks, such marks occurred at all 
locations examined. Worn resin exposing the tendon beneath (Figure 6.140) illustrates the hafting 
materials used to hold the spliced head and shaft in place. A feather fragment was also observed 
near the hafting, caught under jagged wood (Figure 6.141). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.138. Flattened slightly damaged tip, 
#1800, Location 1801, 15x. 
 
 Figure 6.139. Angled marks, #1800, Location 
1807, 30.6x. 
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Figure 6.140. Tendon and resin hafting, 
adjacent to shaft, #1800, Location 1805, 30.6x. 
 Figure 6.141. Feather wedged in jagged wood, 
#1800, Location 1807, 12.5x. 
 
Table 6.19 summarises the residues identified on #1800. Animal residues were detected although 
the Hemastix® tests produced negative results. The feather fragment, noticed under low-
magnification and removed and dry-mounted, comprised pennaceous barbules with pennulums and 
hooklets (for example Figure 6.142) and downy barbules (for example 6.143). Downy barbules 
were also observed at Location 1805 and all displayed similar nodes and prongs to the feather 
observed on #1000, indicating they are possibly from a wading bird (Dove 2000). Two hair 
fragments, one of which was identified as possibly possum (Dr B. Triggs, pers. comm., November 
2007) (Figure 6.144) were also detected. In addition fragments of muscle tissue similar to that 
depicted in Figure 6.145 were noted at Locations 1801, 1805, and 1807. If the concentration of any 
haemoglobin was below the level of detection with Hemastix®, the presence of muscle tissue 
indicates #1800 may have been used for fighting or hunting. The implement may also have been 
used to hunt or dispatch birds and possums. Alternatively, the feather fragments may indicate the 
spear had featured in dance while the possible possum hair may be a remnant of possum hair string, 
made and used by Aboriginal people in northwest Queensland (Roth 1984 [1901]a:8), and 
transferred to it through handling.  
The majority of remaining residues are likely soil constituents, comprising soil particles, pollen and 
plant tissue that was mostly amorphous but included pits and trichomes. A variety of phytoliths 
were observed, including globular granulate and elongate forms, typical of the Euphorbiaceae 
Family and similar to those observed on #1000, and epidermal short cell forms found in the Poaceae 
Family (Dr C. Lentfer, UQ, pers. comm., October 2007). Several phytoliths were dark and opaque, 
indicating they were probably burned (Parr 2006). Probable saprotrophic fungal tissue was quite 
thickly spread on slides from most locations examined. The presence of many charcoal fragments 
indicates the artefact was charred during manufacture. Some of the charcoal, the probably burned 
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phytoliths, the few starch granules along with the variety of phytoliths, sponge spicules and diatoms 
suggest the spear had been situated in a campsite and likely near a dry water course at some point.  
Table 6.19. Residues identified on #1800 
  Locations Analysed 
  1801 1803 1805 1806 1807 1808 1809 1810 1811 1812 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - - 
Muscle tissue 1 - 2 1 1 - - - - - 
Collagen - - - - - - - - - - 
Hair - - - - - 1 1 - - - 
Feather barbule - - 3 - 3 - - - - - 
Fish scale - - - - - - - - - - 
Starch - - 2 2 1 1 2 1 - 1 
Raphide - - - - - - - - - - 
Sponge spicule - - - - 1 - - - 1 1 
Spherulite - - - - - - - - - 1 
Plant tissue 1 1 2 1 2 2 3 2 2 3 
Pollen/spore - - 2 1 1 - 1 - - - 
Phytolith 2 1 3 3 3 3 3 3 3 3 
Diatom - - 2 - 1 1 - - - - 
Fungal tissue 1 - 3 3 3 3 3 3 1 3 
Soil particle 2 2 3 2 2 2 2 1 1 2 
Charcoal 2 2 3 3 3 3 2 2 2 3 
Pigment - - - - - - - - - - 
Aragonite - - - - - - - - - - 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.142. Pennaceous pennulum with 
hooklets, #1800, Location 1807, dry mount, 
500x. 
 Figure 6.143. Downy feather barbule, #1800, 
Location 1807, dry mount, 500x. 
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Figure 6.144. Possible possum hair, #1800, 
Location1809, 500x. 
 Figure 6.145. Muscle tissue, #1800, Location 
1806, 500x, part-polarised. 
 
Wik Spear 
Wik Spear 15300 #2000 
 
 
Figure 6.146. Artefact 2000. 
 
Macroscopic Analysis and Hypothetical Use 
Artefact 2000 (Figure 6.146) is a heavy two-piece implement, 2540mm in length. A bone barb, 
protruding towards the shaft, is attached to its acicular head with a tendon binding coated in 
resinous material. According to UQAM records (refer to Table 2.1), the barb is kangaroo bone. The 
binding covers the last 46mm of the tip where it is unravelling. Smoothly crafted of dark wood, the 
head is 1670mm long and 17mm in diameter at its widest point. The head to shaft hafting is 197mm 
long and of similar materials as the barb/tip join. The shaft is of paler wood and the butt, 13mm in 
diameter, is hollowed out for spearthrower attachment. Beeswax- or resin-coated probable tendon is 
also bound around the shaft butt, extending for 39mm. According to McConnel (1953:25), the Wik 
name for such two-piece barbed implements was kek-yandala and they were used for fighting. 
Thomson notes that these spears were also used for hunting, although he does not record which prey 
(1933 Fieldnotes, File No. 256, p1; Donald Thomson Collection. Reproduced with the permission 
of Mrs D. M. Thomson and Museum Victoria).  
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Microscopic Analysis 
When viewed under low-magnification microscopy, the resinous coating was cracked and, beneath 
the unravelling tendon at the tip of #2000 (Figure 6.147), damage to the bone barb (Figure 6.148) 
was clearly evident. A variety of marks were observed on the spear. Very fine vertical marks 
occurred on the resinous-coated area of the protruding barb adjacent to the tendon binding (for 
example Figure 6.149) while larger angled marks with angular bases (Figure 6.150) were evident on 
one resinous-free area of the bone barb. Arguably, a jawbone with an intact incisor, although 
commonly used by Wik men as an engraver, could leave such marks while scraping the bone 
(McConnel 1953:8). Fine angled and curved angled marks (for example Figure 6.151) and evidence 
of charring was observed at all locations examined on the wooden head. The curved angled and 
angled marks on the wood possibly indicate that the spear has been thrown, the broken bone tip 
suggesting it had hit a hard object such as a large rock or thick bone (Knecht 1997:203).    
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.147. Unravelling tendon and cracked 
resinous material, #2000, Location 2002, 6x. 
 
 Figure 6.148. Shattered bone barb tip, #2000, 
Location 2003, 30.6x. 
   
 
 
 
Figure 6.149. Very fine vertical marks on 
resinous coated bone barb adjacent to tendon 
binding, #2000, Location 2004, 30.6x. 
 Figure 6.150. Angled marks on bone barb, 
#2000, Location 2003, 20x. 
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Figure 6.151. Curved angled marks, #2000, 
Location 2005, 30.6x 
 
Although #2000 was likely to have been thrown, there is no evidence indicating it was used for 
hunting or fighting. Without blood, hair or muscle tissue, the collagen fibrils and bone fragments 
(for example Figure 6.152) in residues removed from the tip and quantified in Table 6.20 can only 
be regarded as indicative of the implement’s manufacture. Probable bone fragments, with some 
angular edges and similarly translucent to those on the barb, were also observed on a dry-mounted 
slide from Location 2008 (Figure 6.153). Probable bone and the lack of aragonite on the wood 
suggest that, rather than being scraped with shell, a bone scraper was used to smooth the wooden 
spearhead as well as the bone barb (McConnel 1953:8). Fungal tissue, comprising hyphae and 
spores are likely remnants of saprotrophs feeding off the wood and/or decaying organic material in 
the soil. The feather fragment was extremely small with regularly spaced vase-shaped nodes (less 
than 2µm wide), suggesting Passeriformes origin (Robertson et al. 1984:91). Along with mostly 
amorphous plant tissue, pollen grains and aragonite fragment, the feather is a likely soil constituent. 
Some of the charcoal fragments may be soil constituents or, alternatively from the charred surface 
of the head. While most of the phytoliths were globular granulate forms, typically found in the 
Euphorbiaceae family, some were bilobate forms common in the Poaceae (Dr C. Lentfer, UQ, pers. 
comm., October 2007). Several phytoliths from both Families were dull and opaque, suggesting 
they were burned (Parr 2006). Some of the starch granules that varied in shape and size (9 to 18µm 
diameter) may also be soil constituents, although they could have been transferred to the spear after 
handling food. The presence of phytoliths from at least two plant families and the remaining soil 
constituents suggest #2000 was possibly manufactured or situated in a campsite environment.  
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Figure 6.152. Angular flakes of bone, #2000, 
Location 2001 bone barb, dry mount, 200x. 
 
 Figure 6.153. Probable bone flakes, #2000, 
Location 2008, dry mount, 200x. 
 
Table 6.20. Residues identified on #2000. 
 Locations Analysed 
2001-4 2005 2006 2007 2008 2009 2010 2011 2012 
R
es
id
ue
s 
Blood-Hemastix® 0 0 0 0 0 0 0 0 0 
Blood-Na-EDTA - - - - - - - - - 
Muscle tissue - - - - - - - - - 
Collagen 4 - - - - - - - - 
Hair - - - - - - - - - 
Feather 1 - - - - - - - - 
Fish scale - - - - - - - - - 
Starch 2 - - 1 2 - - 2 3 
Raphide - - - - - - - - - 
Sponge spicule - - - - - - - - - 
Spherulite - - - - - - - - - 
Plant tissue 1 1 1 2 2 2 2 2 2 
Pollen/spore 1 1 - - - - - - - 
Phytolith 1 1 1 2 1 2 1 2 3 
Diatom - - - - - - - - - 
Fungal tissue 1 - - 1 - 1 2 1 2 
Soil particle 1 2 1 1 1 1 1 1 1 
Charcoal 1 - 1 2 2 2 2 2 2 
Pigment - - - - - - - - - 
Aragonite 1 - - - - - - - - 
KEY 
Blood – Hemastix®/Na-EDTA 
- = not tested 
0 = negative 
1 = non-hemolysed 
2 = trace 
3 = small 
4 = moderate 
5 = large 
Counted Residues 
- = absent 
1 = single (1) 
2 = sparse (2-5) 
3 = medium (6-19) 
4 = abundant (20 or more) 
Granular Residues/Soil Constituents 
- = absent 
1 = thin 
2 = medium 
3 = thick 
   
 
Mainland Spears Reviewed 
The results of the analyses of Gulf Mainland spears, Pitta-Pitta spears and the Wik spear are 
discussed in this brief summary. Similarities and differences are evident between the stone-headed 
spears, #1300 and #1900, that according to ethnographic literature, were used to hunt large game. 
Both exhibited use-wear indicative of projectile use. However, rather than macropod hair or emu 
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feather, residues on #1300 were identified as fruit bat and possum hair, bone, muscle tissue, sheet 
collagen and putative blood, indicating it was likely used to hunt small animals. Although no blood 
residues or hairs were detected, muscle tissue, sheet collagen and feather were identified on #1900 
suggesting it was possibly used to hunt animals or dispatch birds. Diatom and sponge spicule 
fragments occurred on both spears, suggesting that #1900 may have been immersed in the sea or a 
river thus removing any blood residues. Alternatively, the spear may have been thrust into near-
shore soil. The presence of putative blood residues on #1300 suggests the diatom and sponge 
spicule fragments were likely to be soil constituents in this instance. Artefact 1600 exhibited 
rounding of the bone barbs but only trace reactions to the Hemastix® tests with negative results 
following the addition of Na-EDTA were obtained at three locations on this spear. The presence of 
use-related residues, including feather as well as fragments of diatoms and sponge spicules, 
suggested the implement had possibly been used for fishing or procuring birds. No blood residues 
were detected on the remaining mainland spears, although other residues such as muscle tissue, 
collagen, hair or feather were identified on #1500 and #1800.  
Archaeological Sample 
 
 
Figure 6.154. Anbangbang I archaeological points.  
 
Macroscopic Analysis and Hypothetical Use 
The four points from the Anbangbang I archaeological site, #ANBB1-1, ANBB1-2, ANBB1-3 and 
ANBB1-4 (Figure 6.154), were very light and extremely fragile with splintering at their severed 
ends. They are teardrop-shaped in cross-section with teeth carved along the narrower edge. This 
morphology indicates the four points are the remains of denticulate spearheads, possibly traded in 
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by Gagudju men (Spencer 1914:356). When hafted to a shaft, either singly or in pairs, they were 
used for fighting and to hunt kangaroos, wallabies and other large game (Jones and Johnson 
1985:60, 63).  
Archaeological Point ANBB1 R9 SW2-12 #ANBB1-1  
Microscopic Analysis 
Low-magnification examination revealed the remaining tooth on the damaged tip of #ANNB1-1 
had been snapped off (Figure 6.155), however, no residues other than soil particles and tiny 
fragments of amorphous plant tissue were detected to suggest the damage is use-related.  
 
Figure 6.155. Snapped tooth, #ANBB1-1, 10x. 
 
Archaeological Point ANBB1 T8 2-17 #ANBB1-2 
Microscopic Analysis 
Under low-magnification examination, the tip of #ANBB1-2 appeared extremely damaged (Figure 
6.156) and the tooth nearest the tip had been severed (Figure 6.157). This damage is not considered 
use-related as no residues other than soil particles and amorphous plant tissue were identified under 
incident light microscopy and the Hemastix® test result was negative. 
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Figure 6.156. Damaged tip, #ANBB1-2, 30.6x.   Figure 6.157. Severed tooth, #ANBB1-2, 10x. 
 
Archaeological Point ANBB1 U17 SE1-6 #ANBB1-3 
Microscopic Analysis 
The tip of #ANBB1-3 was flat with very dry wood fibres visible under low-magnification 
examination (Figure 6.158). One curved angled mark (Figure 6.159) and two angled marks were 
observed adjacent to the tip. Thick patches of soil particles (for example Figure 6.160) adhered to 
the artefact’s surface. A fragment of hair with coronal scales, possibly a bat hair (Figure 6.161) 
(Loy et al. 2002:19), was detected in one such patch of soil. As no blood, muscle tissue, collagen, 
human or large game hair or feathers were identified to indicate the spear was used for fighting or 
hunting large game, the flattened tip and angled marks are not considered use-related. The lack of 
blood, muscle tissue and collagen also indicates the possible bat hair is likely a soil constituent. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.158. Flattened tip wih dry wood 
fibres, #ANBB1-3, 20x. 
 
 Figure 6.159. Curved angled mark, #ANBB1-
3, 20x. 
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Figure 6.160. Thick soil particles, #ANBB1-3, 
20x. 
 Figure 6.161. Possible bat hair, #ANBB1-3, 
500x, darkfield. 
 
Archaeological Point ANBB1 U8 1 #ANBB1-4 
Microscopic Analysis 
Low-magnification examination of #ANBB1-4 revealed dry wood fibres at the damaged rounded 
tip (Figure 6.162). A few angled marks and curved angled marks and one horizontal mark were 
observed on the wider surfaces. Soil particles were thinly spread on the surface but quite thick 
under the carved teeth. Scraps of amorphous plant tissue were also detected on the artefact. Without 
the presence of any animal residues, the damage to the tip and the various marks observed are not 
considered to be use-related.  
 
Figure 6.162. Damaged rounded tip with dry wood 
fibres, #ANBB1-4, 30.6x. 
 
Residue Quantities and Distribution 
This summary relates to all of the spears examined apart from those in the Pilot Study from 
Mornington Island and the archaeological spear tips. All of the post-contact artefacts with use-
related residues were collected at the turn of the twentieth century or earlier. Fish scale and, due to 
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the changed method of high-magnification microscopy, adipose tissue, were the only use-related 
residues not detected on any of the implements. One bone fragment was observed on #1300 while 
arguably manufacture-related bone fragments occurred on #2000. There was considerable variation 
in the quantities and spread of the remaining identified residues on the sample. Putative blood 
residues detected on #1300, occurred at Locations 1305 and 1308. Muscle tissue was only observed 
at Location 1302 at the tip of this implement with a variety of other use-related residues occurring 
at five of the remaining eight locations. All of the use-related residues on #1600, that is muscle 
tissue, collagen, hair and feather, were observed on the bone-barbed prong tips whereas such 
residues were distributed randomly on #800, #1500, #1800 and #1900.  
Pigment was observed on many of the artefacts during low-magnification examination, sometimes 
indicative of decoration and sometimes in patches more consistent with contact with body 
decoration or through handling. In general, soil constituents, comprising soil particles, plant tissue 
and phytoliths were the most common residues observed, especially using transmitted light 
microscopy. Other soil constituents such as pollen/spores and spherulites were far fewer in number. 
The spread of fungi residues was thick at most locations on #1800 and although not observed at all 
locations, generally varied between thin and medium quantities on the remainder of the spears, 
including the stone-headed artefacts. Aragonite was not observed on all artefacts. Sponge spicule 
and/or diatom fragments were sparse in number but occurred in addition to aragonite on all of the 
spears from Bentinck Island and all of the mainland spears except #1800 although not always at the 
same locations. Charcoal was observed in varying quantities on all spears except the archaeological 
sample. There was also variation in starch quantities, ranging from single occurrences that were 
considered likely contamination to abundant counts. The greatest number of starch granules was 
observed on #1400 although medium counts were observed at some locations on #1500. Starch 
granules were present on all of the artefacts exhibiting use-related residues. Raphides in association 
with starch but also in isolation at some locations were observed only on #600, #700 and #1400. 
The results of the analyses demonstrate a high degree of variability in the distribution and density of 
residues within and between the spears in the sample. The variability indicates complexity in the 
manufacture, use and taphonomic processes occurring throughout the history of each spear, 
illustrating the difficulty in determining a definitive use for this type of artefact.  
Observed Marks and Co-Occurring Use-Related Residues on Wooden Spears 
A great variety of marks as well as tip damage were observed on the wooden spears in the sample. 
Many of the marks were those hypothesised as likely indicative of use-wear, providing that they co-
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occurred with use-related residues. These marks are angled, curved angled and horizontal marks 
(refer to Chapter 4). Regular angled marks, similar to those observed on the experimental control 
spear MI100 and suggested as possibly indicative of manufacturing with metal tools (refer to 
Chapter 5) were observed on some of the implements, as were probable chop or saw marks, similar 
to those illustrated in Chapter 4. Table 6.21 summarises the occurrences of the hypothesised use-
wear marks with use-related residues to determine whether any marks can be isolated as traces of 
use on wooden spears. Damage to bone barb tips is therefore not applicable. The table includes the 
presence of marks thought likely to be caused by metal tools to aid in determining whether any of 
the post-contact spears may have been crafted for purposes other than hunting, fighting, fishing or 
in ceremony. 
Table 6.21. Co-Occurrence of Use-Traces and Indications of Manufacture with Metal Tools  
Artefact Number Hypothesised Use-Wear Marks Tip Damage Use-Related 
Residues 
Probable Metal 
Tool Use Angled  Curved Angled Horizontal 
Mornington Island Spears 
395 #100 x x - x - x 
15290 #200 x x - x - - 
396 #300 x - - - - x 
3209 #400 x x - x - - 
24229 #500 x x - x - x 
Bentinck Island Spears 
QE-1987-0 #600 x x - - - - 
QE-4712-1 #700 x x - - - - 
QE-4712-2 #800 x x - x x - 
QE-4712-3 #900 x - - x - - 
QE-4798-0 #1000 x x x x - - 
QE-4811-0 #1100 x - - x - - 
QE-4812-0 #1200 x x - - - - 
Gulf Mainland Spears 
QE-53-3 #1400 x x - x - - 
QE-4708-0 #1500 x x - x x x 
QE-4731-0 #1600 x x - n/a x - 
Pitta-Pitta Spears 
QE-4698-0 #1700 x - - x - x 
QE-4744-0 #1800 x x x x x - 
Wik Spear 
15300 #2000 x x - n/a - - 
Gagudju Points 
R9 SW2-12 #ANBB1-1 - - - x - n/a 
T8 2-17 #ANBB1-2 - - - x - n/a 
U17 SE1-6 #ANBB1-3 x x - x - n/a 
U8 1 #ANBB1-4 x x  x - n/a 
KEY 
x = present 
- = absent 
n/a = not applicable  
  
Table 6.21 illustrates that angled marks were observed on all of the post-contact implements and 
two of the Gagudju (archaeological) sub-sample, but only in association with use-related residues 
on #800, #1500 and #1800. Although observed on many implements, curved angled marks similarly 
occurred in tandem with use-related residues on the same spears. Horizontal marks were rarely 
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observed, occurring on #1800 with use-related residues and on #1000 without such residues. Tip 
damage was observed on the majority of artefacts, including all of the Gagudju points, however, as 
with the angled and curved angled marks, only with use-related residues on #800, #1500 and #1800. 
Indications of metal tool use were observed on three of the Mornington Island sub-sample, acquired 
by the UQAM in the mid-twentieth century, and #1500 from the Gulf mainland and #1700 from 
Pitta-Pitta country, both acquired by the QM around the turn of the twentieth century (refer to Table 
2.1). In sum, Table 6.21 demonstrates that none of the hypothesised use-wear marks could be 
isolated as indicative of use on the basis of their co-occurrence with use-related residues.      
Chapter Summary 
Twenty post-contact spears, comprising five specimens from Mornington Island, seven from 
Bentinck Island, five from the Gulf mainland, two from the Boulia area in Pitta-Pitta country and a 
Wik implement from western Cape York as well as four archaeological spear tips from the 
Anbangbang 1 site in Gagudju country in the Northern Territory were examined in this study. In 
addition to controls for contamination, the analyses included low- and high-magnification light 
microscopy to detect use-related and environmental residues, Hemastix® tests to screen for blood, 
and an acetic acid test to identify suspected raphides. Dr R. Goodall (QUT) performed FTIR 
analysis to identify the coating observed on one spear and Micro-Raman spectroscopy to verify 
raphide identification. Dr Barbara Triggs (Genoa, Victoria) and Dr Carol Lentfer (UQ) provided 
possible taxonomic identification for hairs and phytoliths respectively.   
The microscopic examination of control microslides placed in the UQAM and QM spear storage 
areas revealed the presence of some air-borne starch and phytolith contamination that was 
accounted for during interpretation of the results. Examination of the length of lancewood before 
and after the shelving contamination experiment revealed a variety of marks, suggesting that such 
damage could be caused incidentally, during removal of bark from wood or possibly post collection 
in museum storage. Similar marks and/or tip damage not co-occurring with use-related residues 
were observed on all of the spears from Mornington Island, six of the Bentinck Island spears, three 
of the mainland artefacts and the archaeological sample. The shelving experiment also revealed that 
granules of zinc oxide and aluminium oxide from the UQAM spear shelving are likely to have 
caused fine angled marks to some wooden surfaces when spears have been moved.  
FTIR analysis of the resin-like material coating #500 indicated the artisan’s use of probably 
beeswax to decorate or protect the implement. Micro-Raman spectroscopy and the acetic acid test 
verified the identification of raphides on #600. In contrast to the experimental control spear (refer 
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Chapter 5), a complete suite of use-related residues, comprising blood residues, muscle tissue, 
collagen, bone and possum and fruit bat hair, was detected on the stone spearhead of #1300. The 
presence of these residues indicates the implement was likely to have been used to dispatch small 
animals rather than large game, its recorded use. Blood residues were not detected on the remainder 
of the spears examined. Such a finding is not surprising, given the negative results of the Hemastix® 
tests in the long-term shelving experiment detailed in Chapter 5.  Other residues such as hair, 
feather and/or muscle tissue were observed on five of the remaining spears, #800 from Bentinck 
Island, #1500, #1600, and #1900 from the Gulf mainland and #1800, a Pitta-Pitta specimen, and led 
to suggested possible uses. Although combined residue and use-wear indicators for the wooden 
implements are not demonstrated in the results, some combinations provide potential indications of 
use while others suggest likely modes of manufacture. The implications of these results are 
discussed in Chapter 7.  
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Chapter 7.  
 
Interpretations and Conclusion 
 
Introduction 
Residue and use-wear analyses were used in this thesis to determine if any implements in a sample 
of Aboriginal Australian spears retain sufficient use-traces to indicate they were used in the past for 
hunting, fighting, fishing and/or in ceremony, and if the post-contact implements retain traces 
indicative of changes in manufacturing technology. In this chapter, the results of the analyses 
presented in Chapter 6 and the experiments detailed in Chapter 5 are re-examined. The research 
questions outlined in Chapter 1 are addressed and concepts where future research might further 
develop the functional analysis of wooden spears are proposed. The implications emanating from 
this study conclude the chapter. 
Synthesis of Results and Answers to the Research Questions 
Although many use-related residues were detected on the wooden spears and possible uses were 
proposed for several implements, only the stone-headed implement, #1300 (QE-53-2, Figure 6.83), 
was assigned a likely function based on the detection of use-related residues and damage. The 
presence of projectile use-wear in the form of crushing and rounding as well as bending initiated 
and feather-terminated flake scars (Dockall 1997) were observed on this spearhead. Similarly, the 
stone-headed spear #1900 (QE-4685-0, Figure 6.126) exhibited some bending initiated feather 
terminated flake scars and rounding while #1600 (QE-4731-0, Figure 6.113), a bone-barbed 
pronged spear, possibly a Yanyuwa kalkaji (Bradley 1992), exhibited rounding of its bone barbs 
indicative of projectile use (Buc 2011:555). In attempting to discern wear indicative of wooden 
spear use, horizontal, angled and curved angled marks and tip damage were selected as possible use 
traces only if they occurred with use-related residues (refer to Chapter 4). Although horizontal 
marks were rarely observed, more were possibly present but camouflaged in the grains of wood. 
Angled and curved angled marks were observed in association with use-related residues on some of 
the spearheads examined, including the experimental control (#MI100, Figure 5.5), crafted by Cyril 
Moon on Mornington Island. However, many of these marks occurred without the presence of use-
related residues, including on three of the archaeological points from the Anbangbang 1 Site in 
Gagudju country (see for example Figure 6.154). Such marks were also observed on a length of 
lancewood used in the shelving experiment, possibly indicative of damage caused during bark 
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removal and/or incidental damage. Arguably, the marks on the wooden spearheads could also be 
attributed to damage caused during manufacture, or by incidental damage, use or any combination 
of these causes. Given the probability of inaccuracy, such marks could also occur on a spear as the 
result of just being thrown. If the marks were manufacture-related then undoubtedly, some of them 
could also be maintenance or repair-related. Tip damage similarly occurred on spears both with and 
without use-related residues. As explained in Chapter 6, none of the proposed features observed on 
the wooden spearheads could be isolated as indicative of use-wear on the basis of co-occurring use-
related residues. 
Analysis of the spears indicated differential preservation of blood residues, a problem also 
encountered by other researchers (Odell 2001:58). Following the addition of the chelating agent Na-
EDTA during Hemastix® tests, blood residues in the form of haemoglobin and myoglobin were 
only detected on the recently crafted artefact MI100 and the stone spearhead of #1300. Yet, blood 
residues were not detected on the second stone-headed spear examined, #1900, although damage, 
muscle tissue and sheet collagen were observed on this implement. Blood was similarly not 
detected on any of the wooden specimens that exhibited use-related residues. Long-term shelving 
and burial and the combined Hemastix®/spectrophotometry experiments were performed to examine 
the efficacy of Hemastix® testing and to better understand blood preservation on wood. The results 
of these experiments suggest that blood components degrade over time on wood, especially shelved 
wood, and that the Hemastix® test to screen for blood on this raw material is reasonably reliable but 
only for approximately two years. These findings help explain why using Hemastix® tests on a 
sample of older museum-housed wooden artefacts produced negative results. The observation of 
numerous “solid” animal tissue residues preserved on the sample suggests that, not only differential 
preservation, but absorbency may be a contributing factor affecting the detection of blood residues 
on wood. 
Collagen in the form of bone fragments was another residue differentially preserved. Only one bone 
fragment was observed on the stone spearhead of #1300. The lack of bone fragments on the wooden 
implements may be a reflection of the plasticity of wood. Arguably, a wooden spearhead would 
bend slightly on impact and scrape past bone as opposed to the rigidity of a stone spearhead that, 
propelled with enough force, could chip off bone fragments. Given this explanation and the co-
occurrence of bone with muscle tissue, the sheet collagen fragment observed on #1600 could well 
be scraped bone from a quarry. 
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Fish scale was one targeted animal tissue not observed on any of post-contact spears although they 
remained on stakes in the long-term shelving and burial experiment (refer to Chapter 5). The 
absence of scales on three post-contact spears, suggested as possible fishing implements in 
ethnographic documentation, indicates that either they had not been used for that purpose or that 
immersion in turbulent seas and/or running rivers or insertion into soil for storage had removed any 
scales present. A case in point is the pronged implement #1600 that exhibited rounded bone barbs 
and, as noted above, other use-related residues but no scales that would imply its hypothesised use. 
As suggested by Akerman et al. (2002:23), the combinations of residues observed on spears require 
careful interpretation. No wallaby hair was detected on #MI100 to provide a complete suite of 
residues indicative of its known use. Rather, the detected residues suggest this implement had 
possibly been used for fighting. Artefact #1600 could be an example of a spear being used for more 
than one purpose as it also displayed feather fragments suggesting it may have been used to procure 
wading birds as well as fish. Only the leilira spearhead of #1300 exhibited adequate residues, that 
is, putative blood residues, bone, muscle tissue and possible possum and fruit bat hairs to indicate it 
was used to procure small animals. Although this is not the function recorded in the available 
ethnographic literature (Trigger 1987:77), such a suggestion was considered plausible, given the 
dispossession of Aboriginal peoples’ traditional hunting territories in the Gulf mainland area 
(Trigger 1992:29) and the possibility of multiple spear uses (Davidson 1934:47). Akerman et al. 
(2002:24) also warn against “exclusive interpretations” of residues that may have been transferred 
to an artefact from other sources. A perusal of the relevant literature does supply alternative 
suggestions for this spear’s use-life in the past. The leilira blade was quite possibly a traded item 
and may have been used as a knife and subsequently hafted (McCarthy 1967:35; Spencer 1969 
[1904]:654-655), a very real possibility given that some of the damage observed on the spearhead is 
similar to that caused by cutting (Akerman 2002:21; Dockall 1997:324-325). The presence of 
muscle tissue and bone support this suggestion. As a traded item, the blade would probably have 
been transported in a melaleuca bark sheath (Roth 1984 [1904]:18) bound with melaleuca string or 
possibly possum hair string (Roth 1984 [1901]:8), remnants of which could easily have been 
transferred to the blade through handling, while fruit bat hairs could be soil constituents. The 
presence of starch granules on eleven of the locations for analysis is indicative of proximity to a 
campsite environment as well as handling, providing yet another possible scenario where fragments 
of animal tissue could have been transferred to #1300 with unwashed hands (Akerman 2002:24). It 
can only be concluded that, given the lack of contemporaneous ethnographic information regarding 
the use of such spears in the Gulf mainland area and knowledge of the circumstances of its life 
history, #1300 was most likely to have been used to hunt fruit bats and possums. 
 
 
234 
  
The results of the long- and short-term burial experiments provide an explanation for the lack of 
use-related residues on the archaeological sample. No use-related residues other than fish scales 
remained on buried stakes in the long-term experiment. Apparent ant activity in the stakes’ burial 
soil and ants observed swarming round the stakes in the short-term experiment indicate that very 
few use-related residues are likely to survive on spears in many archaeological contexts, especially 
those in equatorial and tropical regions where these insects abound. Given that Aboriginal people 
often thrust spears into the soil post-use or for storage, or leant them against trees, the number and 
variety of use-related residues identified on the post-contact implements is arguably more than 
might be expected. 
By far the majority of residues observed on the post-contact spears were not use-related in the sense 
of hunting or fishing. Their detection, however, provided additional information about the artefacts’ 
use-life environments. These residues consisted of soil particles and other likely soil constituents, 
including plant tissue components, phytoliths, pollen/spores, fungal tissue, starch granules, charcoal 
and aragonite. Detection of aragonite, diatoms and sponge spicules provided information regarding 
a spear’s approximation to marine and aquatic water sources. Fungal tissue fragments occurred on 
all of the post-contact spears and on the tip of #MI100, suggesting that many were likely to be 
remnants of saprotrophs feeding on organic material adhering to the artefacts, rather than only soil 
constituents. Apart from MI100, starch granules were present on all of the artefacts exhibiting use-
related residues, indicating that in addition to being likely campsite soil constituents, starch granules 
were commonly transferred to the spears after handling starchy food. Raphides were only identified 
in association with starch granules so were likely to be similarly transferred.  
The synthesis presented here illustrates two major complications encountered in this study that 
made suggestions of wooden spear use inconclusive. These issues were: 
1. Observed features proposed as indicative of use-wear on wood were not isolated; and 
2. In addition to not being able to detect adipose tissue, there was evidence of differential 
preservation of blood, meaning that suites of residues proposed as indicative of particular 
uses were not complete. 
Due to these problems, the answer to Question 1, that is, whether spears retain sufficient traces of 
use to indicate they were used for hunting, fishing, fighting, or in ceremony, cannot be a simple yes 
or no. Putative blood residues were only detected on the experimental control spear MI100 and 
#1300, a stone-headed implement. Without the presence of blood, it is difficult to claim that any of 
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the remaining post-contact spears were used, although those that exhibited a combination of other 
animal tissues such as muscle tissue, collagen, hair and/or feather may very well have been used. 
Yes, #MI100, crafted by Cyril Moon on Mornington Island retained sufficient residues to indicate 
use, but without wallaby hair, not necessarily its known use. In addition, the stone-headed spear, 
#1300 retained sufficient traces of use to indicate it had probably been used to hunt small animals. 
However, this information is not in accord with the ethnographic sources and, as noted above, the 
residues and indeed the use-wear observed on this implement could well be traces remaining from 
other activities. 
Two factors required consideration in order to answer the second question posed in this study, “do 
post-contact implements retain traces of techniques and/or materials that indicate changes in 
manufacturing technology?” These factors were the presence of manufacture-related residues on the 
spears and indications of metal tool use in their manufacture. Based on the ethnographic literature, 
suggestions were made in Chapters 3 and 4 that charcoal, shell and bone, usually considered to be 
environmental indicators, could also be traces of materials used in traditional spear manufacture. In 
addition, some distinctive forms of damage, identified as being caused by chopping and sawing 
(refer to Chapter 4) and probably the regular angled marks observed on the experimental control 
spear MI100 (refer to Chapter 5), would indicate the use of metal tools during spear production. 
The examples presented below illustrate such traces of manufacturing materials and techniques 
were clearly evident on some of the spears. Consideration of the relevant museum records and other 
documentary sources assists in interpreting whether such evidence reflects the change in the role of 
spears in post-colonial Aboriginal economy.   
While aragonite is most commonly found near marine environments, the medium spread of this 
material on #700 (QE-4712-1, Figure 6.42), collected on Bentinck Island in 1903 by W. E. Roth for 
the QM (refer to Table 2.1), indicates the possible use of a shell scraper during the manufacture of 
the implement (Tindale 1977:265). Some of the abundant charcoal fragments observed on #800 
(QE-4712-2, Figure 6.49) from Bentinck Island, also collected by W. E Roth and #400 (3209, 
Figure 6.19) from Mornington Island, and donated to the UQAM by Mrs. Early in 1949, suggest 
these spears were charred during manufacture. As noted in Chapter 4, the spread of soil constituent 
residues such as charcoal were gauged subjectively, but, as the photomicrographs for the charcoal 
observed on #400 (e.g. Figures 6.21 and 6.23) illustrate, the suggestion that the spear had been 
charred or possibly decorated with a charcoal pigment during manufacture can be stated with some 
confidence. Similarly, the use of a shell scraper during the manufacture of #700 is inferred with 
some confidence, as there was a marked difference between thin and medium spreads of aragonite 
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fragments observed on microslides. Bone collagen with no other use-related residues was observed 
on #2000 (15300 from Wik country, Figure 6.146) and was considered indicative of traditional 
manufacturing methods.  UQAM records (refer to Table 2.1) indicate #2000 was collect by Ursula 
McConnel and acquired by the Museum in 1950. Relevant literature, however, suggests McConnel 
(1953) most likely obtained the implement much earlier during her field trip to Aurukun in 1927-28 
as an anthropologist. As mentioned in Chapter 1, McConnel paid Wik people for materials and 
artefacts, either with tobacco or cash (McConnel 1928 cited in Perusco 2008:431; McConnel 1927 
cited in Perusco 2008:431) in order to record traditional manufacturing techniques (Perusco 
2008:426). The literary evidence and lack of use-related residues on #2000 indicate the spear was 
made for sale. Faceted chop marks, observed only on the tip of #1500 (QE-4708-0, Figure 6.104) 
that was purchased in 1909 from S. Buhot by the QM (refer to Table 2.1) and arguably a traded 
item from Western Australia, indicate a metal tool was used to repair this implement. Regular 
angled and almost vertical marks (Figure 6.132) occurred without use-related residues on the Pitta-
Pitta spear #1700 (QE-4698-0, Figure 6.132) acquired by W.E. Roth (refer to Table 2.1). This 
implement was quite possibly made using non-traditional tools for Roth in exchange for tobacco 
(W. E. Roth 1900 cited in Mather 1986:207). 
Evidence for the adoption of changes in spear manufacturing technology by Aboriginal people was 
more obvious on the Mornington Island sub-sample, especially on #500 (24229, Figure 6.26), 
acquired sometime prior to the mid-twentieth century by the UQAM (refer to Table 2.1). 
Morphological analysis revealed the use of synthetic twine and probable acrylic paint. Indications 
of metal tool use in the form of chop marks (Figure 6.28) and sawing (Figure 6.29) as well as a 
coating of probable beeswax (Dr R. Goodall, QUT, pers. comm., February 2010) were observed on 
the blade. If indeed beeswax, whether it originated from hives native to Mornington Island or as a 
component of introduced European furniture polish is unknown. Its use, however, as a protective or 
decorative coating for the spearhead rather than as a hafting fixative, its traditional use (Memmott 
and Horsman 1991:96, 100), is additional evidence of change in the use of materials for spear 
manufacture on the island. No use-related residues and only a thin scattering of soil constituents 
were detected, indicating that like #200 (purchased from “Aboriginal Creations”, refer Table 2.1), 
#500 was most likely made in a workshop environment for sale. Quite possibly the morphological 
and decorative similarities between #100 (395, Figure 6.17) and #300 (396, Figure 6.23) reflect 
design repetition, indicative of expedient manufacture of goods for trade or sale. Although regular 
angled marks were observed on these two spears, no use-related residues were detected. Although 
#400, as discussed above, appears to have been charred, the absence of hafting evidence and its 
unusual morphology and decorative nicks suggest it was possibly made for trade, sale or as a gift. 
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Pigment, the only possible use-related residue observed on this implement, was arguably 
decorative. 
These findings indicate that the Kaiadilt people on Bentinck Island were using traditional spear 
manufacturing processes such as charring and scraping with shell scrapers at the turn of the 
twentieth century while metal tools were being used for spear repair on the Gulf mainland. Whether 
the Kaiadilt craftsmen bartered spears for tobacco from W. E. Roth is not known (W. E. Roth 1900 
cited in Mather 1986:207). The Wik spear suggests that bone scrapers were still in use in the first 
quarter of the twentieth century, although whether Wik people other than McConnel’s paid 
informants were still using traditional scraping tools to make spears is not known. By the mid-
twentieth century, although continuing to char wood, Mornington Island people were using metal 
tools and modern materials to produce spears as decorative commodities, most likely for cash sale. 
Even without knowing whether goods or money had changed hands, indications of traditional 
methods, the continued use of charring, the increase in metal tool use and finally the adoption of 
modern materials provide evidence of changing spear manufacturing technology that reflects the 
changes to the economic role of spears caused by the processes of British colonisation during the 
first half of the twentieth century. 
Future Research 
Examples of future research proposed here that are aimed at addressing issues emanating from this 
study. They include an alternative sampling approach and additional analyses that were beyond the 
scope of the study.   
Random Rather than Systematically Selected Locations for Analysis to Generate 
More Data 
The majority of use-related residues detected on the experimental control spear MI100 occurred 
within 10cm of the tip. In addition, no wallaby hair, considered a fundamental indicator of its 
known use, was detected.  This result may be a reflection of the method used to select locations for 
analysis rather than the residue not being transferred to the spear during use. Future researchers 
could treat each spear as a prospective sample inclusion, initially scanning the entire first 10cm 
from the tip using low-magnification microscopy to ascertain which implements exhibited probable 
use-related residues and excluding those without. The randomly distributed areas with residues 
could be recorded on an artefact map to guide ensuing residue removal for high-magnification 
microscopic examination. Such a sampling process would ensure all use-related residues were 
detected, generate more use-trace data, obviate time wasted examining microslides devoid of use-
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related residues and therefore allow an increase in the research sample size. The detection of a 
complete suite of residues indicative of spear use would be more likely with an enlarged research 
sample. 
The Detection of Adipose Tissue Residues 
Adipose tissue residues were unable to be detected on the majority of the spears due to the change 
from incident to transmitted light microscopy. As explained in Chapter 4, aged adipose tissue in the 
form of fatty acids have been extracted from ceramics with solvents and their biomolecular 
constituents subsequently identified using a combination of gas chromatography, mass spectrometry 
and stable isotope analysis (Evershed 2008 and Soberl et al. 2008). Researchers could explore the 
possibility of using these techniques to identify fatty acids on wooden spears. However, the direct 
application of solvents to valuable museum-housed artefacts would require permission from 
curators and is dependent on the type and quantity of solvent applied and the number of extracts 
required (Jane Willcock, Museum Operations Coordinator, UQAM, pers. comm., November 2014; 
Rebecca Fisher, Collections Officer – Culture, Australia Cultural Collections, Australian Museum, 
pers. comm., November, 2014). 
Using Indigenous Meats in Experiments 
Processed meats were used in the long- and short-term burial and long-term shelving experiments 
that were undertaken to better understand animal residue preservation on wood. Further research of 
this nature, using fresh unprocessed kangaroo meat from an abattoir or other indigenous meat that 
could possibly be acquired from an Aboriginal hunter, is required to give credence to the results 
obtained in this study. The use of such “wild” meat would obviate concerns that specialised feeding, 
hormone treatment and/or medication may affect the preservation properties of meat from 
domesticated animals. 
Improved Analysis of Experimental Control 
The examination of the experimental control spear MI100 provided comparative visible evidence of 
use-related residues, some hypothesised use-wear marks and some possible manufacture-related 
marks (refer Chapter 5). Future research incorporating the manufacture and use of such a spear 
should ideally include at least three low-magnification microscopic examinations: initially of the 
prepared length of wood; again, following the shaping of the wood; and finally, post use. Two 
microscopic examinations prior to the spear’s use would identify the marks caused during bark 
removal and isolate manufacture marks caused by scraping and grinding from any marks resulting 
from subsequent use.  
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Identifying the Detected Blood and Bone on #1300 
Further analysis of #1300 is required to argue unequivocally this spear was used to hunt small 
animals, beginning with a full re-examination of the dorsal and ventral views using incident light 
high-magnification microscopy. Incident light microscopy of such a large artefact would be 
problematic but would permit the detection of any additional blood, especially whole blood cells, 
and bone fragments that, with MtDNA analysis, could indicate their sources. Specialist assistance 
would be required to determine the feasibility of MtDNA analysis (Chelomina 2006) and obtain the 
appropriate method for extracting the residues from the artefact.   
Investigating Organic Residue Preservation on Archaeological Wood 
As indicated in Chapter 2, many wooden artefacts have been recovered from a variety of 
archaeological environments in Australia and internationally. Apart from blood detected on the Ice 
Man’s wooden arrow shafts and dagger handle (Loy 1994d:50) that were preserved in temperatures 
below zero for approximately 5,000 years (zur Nedden et al. 1994:811), organic remains other than 
plant tissues on archaeological wood have remained elusive (Fullagar et al. 1999). Clearly, 
ascertaining other types of burial environments suitable for preserving use-related organic residues 
on archaeological wood is required. In addition to the preservation of the Ice Man in an extremely 
desiccated environment, several human remains have been preserved in peat environments in 
Europe (Lobell and Patel 2010:22-29; Pestka et al. 2010), suggesting that peat might also preserve 
microscopic organic residues indicative of wooden artefact use. One potential area of research, 
therefore, would be a residue analysis of wooden artefacts from a peat environment such as those 
recovered from Wyrie Swamp in South Australia by Luebbers (1975). 
Conclusion 
The functional analysis of wooden artefacts is rare with most researchers examining stone tools. To 
address this bias, this study drew on ethnographic information to formulate sets of residues 
indicative of spear use. Reliant on their optical properties and based on the principle of 
methodological uniformitarianism, residues were identified microscopically. Combined residue and 
use-wear analyses were employed to determine spear use in the past and to obtain evidence of the 
technology used in the manufacture of the post-contact wooden implements in the research sample. 
This study also aimed to increase our understanding of residue preservation on wood and provide 
meaningful information about the spears examined for the relevant Aboriginal communities and 
museums.  
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In addition to ethnographic documentation, the study drew on museum and historical records to 
hypothesise uses and to aid in the interpretations of residues and damage observed on spears. 
Information obtained from these resources (refer to Table 2.1, Chapters 1 and 3) and the results of 
this functional analysis allow the proposal of a fragment of the life history of #1300. Artefact 1300 
(QE-53-2, Figure 6.83) from Turn Off Lagoon near Burketown in north Queensland was probably 
used to hunt small animals such as possums and fruit bats rather than large animals such as 
kangaroos. The spear was collected, or more likely confiscated, sometime prior to 1911 by 
Constable E. P. Smith, a member of the Native Police. This information will hopefully have some 
meaning for the descendents of the Waanyi, Mingin, Garawa and Yanyuwa peoples as it is likely 
that one of their ancestors owned and used this spear in the Turn Off Lagoon area at the turn of the 
twentieth century in drastically altered economic and social circumstances due to the dispossession 
of traditional hunting territories brought about by British colonisation. 
The morphological examination of a composite spear can provide basic information about the way 
it was crafted, such as whether the hafting was bound with tendon, or vegetable or nylon string. The 
application of residue and use-wear analysis methods to determine traces of manufacture, as 
suggested by Satterthwait (2008:33), provided additional evidence indicative of manufacturing 
techniques, including charring and the use of shell and bone tools, methods traditionally used by 
Aboriginal Australian men to work wood. In contrast, the observation of marks similar to those 
created in replication experiments indicated that some spears in the research sample were made 
with modern tools. Arguably, with further experiments using a variety of metal, stone, bone and 
shell tools to work wood, this avenue of research has great potential to provide additional 
information of value regarding the techniques used to manufacture not only spears but many 
wooden objects of Aboriginal material culture housed in Australian museums. Examination of a 
range of hunting boomerangs made during the post-contact era, for example, might similarly reflect 
changes in their role in Aboriginal economies over the last two and a half centuries.  
Although traces of manufacturing technology were determined, marks hypothesised as indications 
of use-wear were not isolated on the wooden implements examined. The use of low-magnification 
microscopy and transmitted light high-magnification microscopy to examine wooden spears 
permitted the detection of many use-related residues, including hair, muscle tissue, sheet collagen 
and feather and numerous residues deemed environmental although no blood residues were 
observed. This research also incorporated long-term shelving and long- and short-term burial 
experiments and a combined Hemastix®/spectrophotometry experiment, the results of which 
provided plausible explanations for the lack of use-related residues on the archaeological sub-
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sample and the lack of blood on the post-contact wooden implements. Suggestions have been made 
to address the major issues emanating from this research that, coupled with the eventual 
development of a suitable method for extracting and identifying aged blood on wood, will no doubt 
lead to the identification of all of the functional attributes necessary to indicate a spear’s use in the 
past. This thesis documents one of the first systematic explorations of wooden implements and 
provides a framework for future residue and use-wear analysis of this kind to be developed 
internationally.
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Appendix A - Combined Hemastix® Spectrophotometry of 
Whole Blood : Shaft A Raw Data 
 
Date Day Location MQW Hemastix® NaEDTA Amino Acids 280nm 410nm 540nm 575nm 
4/03/2008 0 Control 20µl Instant 5 5 at 10 secs 1.756 0.852 1.764 1.825 
    Control 2       2.078 NaN 1.276 1.297 
    Control 3       2.921 3.815 1.361 1.368 
  1 A1 60µl Instant 5 5 at 5 secs 2.050 3.889 0.311 0.277 
5/03/2008 1 A2 80µl Instant 5 5 at 30 secs 1.316 1.088 0.315 0.288 
    A2.2       1.447 1.170 0.405 0.379 
    A2.3       1.292 1.056 0.285 0.264 
    A2.4       1.439 1.200 0.343 0.317 
    A2.5       1.392 1.144 0.280 0.255 
6/03/2008 2 A3 80µl Instant 5 5 at 60 secs 1.244 0.615 0.237 0.216 
    A3.2       1.195 0.574 0.207 0.190 
    A3.3       1.216 0.583 0.202 0.183 
    A3.4       1.381 0.661 0.238 0.217 
    A3.5       1.421 0.67 0.241 0.220 
7/03/2008 3 A4 40µl Instant 5 5 at 15 secs 2.638 1.831 0.631 0.575 
    A4a.2       2.715 2.558 0.515 0.439 
    A4a.4       2.064 2.409 2.683 2.508 
10/03/2008 6 A5 60µl Instant 5 5 at 10 secs 2.591 2.921 0.361 0.285 
    A5.2       2.491 2.062 0.366 0.289 
    A5.3       2.770 1.887 0.375 0.301 
    A5.4       2.499 2.067 0.400 0.321 
    A5.5       2.476 2.058 0.409 0.324 
12/03/2008 8 A6 60µl Instant 5 5 at 15 mins 1.874 2.437 0.276 0.223 
    A6.2       1.859 2.375 0.281 0.225 
    A6.3       2.137 2.36 0.283 0.225 
    A6.4       2.258 2.099 0.364 0.299 
    A6.5       2.315 2.237 0.321 0.256 
14/03/2008 10 A7 80µl Instant 5 5 at 20 secs 1.647 1.422 0.605 0.571 
            1.852 1.454 0.611 0.584 
            1.706 1.647 0.781 0.755 
            1.847 1.786 0.795 0.781 
            1.379 1.103 0.497 0.477 
17/03/2008 13 A8 60µl Instant 5 5 at 7 secs 2.439 2.867 0.620 0.536 
    A8.2       NaN 2.211 0.939 0.863 
    A8.3       2.459 3.009 1.175 1.114 
    A8.4       NaN 2.204 0.678 0.603 
    A8.5       2.888 3.272 1.114 1.024 
20/03/2008 16 A9 90µl Instant 5 5 at 15 secs 0.183 0.170 0.132 0.13 
25/03/2008 21 A10 80µl Instant 5 5 at 20 secs 1.585 1.469 0.490 0.797 
    A10.2       1.498 1.407 0.398 0.712 
    A10.3       1.535 1.429 0.399 0.713 
    A10.4       1.205 1.118 0.378 0.694 
    A10.5       1.152 1.069 0.364 0.684 
28/03/2008 24 A11 80µl Instant 5 5 at 10 secs 1.313 1.108 0.396 0.364 
    A11.2       0.664 0.559 0.216 0.200 
    A11.3       0.515 0.410 0.141 0.131 
    A11.4       0.641 0.568 0.439 0.424 
    A11.5       -0.054 -0.018 -0.019 0.005 
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Date Day Location MQW Hemastix® NaEDTA Amino Acids 280nm 410nm 540nm 575nm 
1/04/2008 28 A12 60µl Instant 5 5 at 5 secs 2.901 4.560 1.291 1.198 
    A12.2       2.188 2.352 0.313 0.246 
    A12.3       0.658 0.717 0.240 0.252 
    A12.4       1.331 1.641 0.401 0.367 
    A12.5       -1.076 -1.210 -0.570 -0.535 
4/04/2008 31 A13 60µl Instant 5 5 at 3 secs 2.177 2.568 0.75 0.661 
    A13.2       2.677 2.376 0.512 0.434 
    A13.3       2.266 2.467 0.805 0.731 
    A13.4       2.361 NaN     
    A13.5       2.993 1.891 0.276 0.229 
8/04/2008 35 A14 60µl Instant 5 5 at 15 mins 2.445 2.838 0.636 0.543 
    A14.2       2.631 2.763 0.720 0.622 
    A14.3       NaN NaN     
    A14.4       2.458 2.598 0.682 0.585 
    A14.5       1.878 1.550 0.273 0.221 
    A14.6       1.434 1.638 0.367 0.321 
11/04/2008 38 A15 60µl Instant 5 5 at 9 secs 2.528 2.387 0.431 0.346 
    A15.2       NaN 2.535     
    A15.3       2.840 2.292 0.419 0.341 
    A15.4       1.352 1.686 0.260 0.221 
    A15.5       1.173 1.436 0.229 0.191 
    A15.6       0.921 0.950 0.135 0.108 
15/04/2008 42 A16 60µl Instant 5 5 at 5 secs 3.845 1.778 0.482 0.363 
    A16.2       3.782 NaN     
    A16.3       NaN 1.980     
    A16.4       2.494 1.984 0.531 0.402 
    A16.5       1.976 1.692 0.328 0.261 
    A16.6       1.168 1.182 0.162 0.121 
    A16.7       0.809 0.788 0.116 0.090 
22/04/2008 49 A17 60µl Instant 5 5 at 8 secs 3.522 2.169 0.581 0.476 
    A17.2       NaN NaN     
    A17.3       2.060 2.237 0.842 0.720 
    A17.4       2.155 2.783 0.854 0.732 
    A17.5       NaN 1.826     
    A17.6       1.898 2.079 0.903 0.830 
    A17.7       2.273 2.985 0.619 0.567 
29/04/2008 56 A18 60µl Instant 5 5 at 11 secs NaN 2.684     
    A18.2       2.346 3.118 0.628 0.541 
    A18.3       2.238 2.619 0.539 0.459 
    A18.4       1.695 1.892 0.385 0.330 
    A18.5       1.280 1.063 0.304 0.263 
    A18.6       -0.065 -0.050     
    A18.7       0.123 0.144 0.053 0.050 
6/05/2008 63 A19 60µl 5 at 3 secs 5 at 13 secs 2.052 2.687 0.386 0.321 
    A19.2       2.072 2.521 0.455 0.399 
    A19.3       1.006 1.378 0.083 0.052 
    A19.4       0.052 0.065 0.037 0.041 
    A19.5       0.016 0.017 0.024 0.025 
13/05/2008 70 A20 60µl Instant 5 5 at 12 secs 2.016 1.866 0.411 0.353 
    A20.2       1.922 1.845 0.433 0.376 
    A20.3       1.997 1.940 0.406 0.350 
    A20.4       2.443 1.943 0.391 0.339 
    A20.5       1.528 1.440 0.558 0.516 
20/05/2008 77 A21 60µl Instant 5 5 at 7 secs 1.610 1.684 0.171 0.129 
    A21.2       1.697 1.765 0.178 0.135 
    A21.3       1.821 1.826 0.186 0.138 
    A21.4       1.089 1.170 0.126 0.097 
    A21.5       0.907 0.992 0.108 0.087 
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Date Day Location MQW Hemastix® NaEDTA Amino Acids 280nm 410nm 540nm 575nm 
27/05/2008 84 A22 60µl 5 at 3 secs 5 at 7 secs 1.356 1.183 0.494 0.455 
    A22.2       1.211 0.999 0.309 0.282 
    A22.3       1.395 1.191 0.458 0.423 
    A22.4       1.291 1.012 0.288 0.261 
    A22.5       0.653 0.531 0.165 0.149 
3/06/2008 91 A23 60µl Instant 5 5 at 14 secs 1.415 1.887 0.141 0.100 
    A23.2       0.744 1.053 0.069 0.046 
    A23.3       0.739 0.977 0.121 0.097 
    A23.4       0.452 0.611 0.055 0.042 
    A23.5       0.037 0.001 0.086 0.096 
10/06/2008 98 Wood Cont  60µl Negative   0.391 0.048 0.028 0.028 
    WC.2       0.411 0.032 0.017 0.016 
    WC.3       0.490 0.033 0.016 0.013 
    WC.4       0.552 0.028 0.010 0.009 
    WC.5       0.640 0.033 0.013 0.011 
10/06/2008 98 A24 60µl Instant 5 5 at 5 secs 0.357 0.631 0.080 0.066 
    A24.2       0.372 0.639 0.080 0.066 
    A24.3       0.134 0.375 0.074 0.068 
13/06/2008 101 A25 60µl 5 at 2 sec 5 at 17 secs 0.563 0.509 0.040 0.031 
    A25.2       0.588 0.516 0.039 0.027 
    A25.3       0.392 0.347     
17/06/2008 105 A26 60µl Instant 5 5 at 11 secs 0.792 0.674 0.053 0.035 
    A26.2       0.815 0.686 0.052 0.036 
24/06/2008 112 A27 60µl Instant 5 5 at 10 secs 1.141 1.55 0.112 0.077 
    A27.2       1.188 1.622 0.119 0.081 
1/07/2008 119 A28 60µl Instant 5 5 at 10 secs 0.675 0.500 0.048 0.040 
    A28.2       0.723 0.513 0.045 0.035 
    A28.3       0.796 0.542 0.048 0.037 
8/07/2008 126 A29 60µl Instant 5 5 at 6 secs 0.941 0.839 0.067 0.047 
    A29.2       0.985 0.857 0.064 0.044 
    A29.3       1.072 0.928 0.068 0.048 
15/07/2008 133 A30 60µl Instant 5 5 at 10 secs 0.860 0.644 0.054 0.043 
    A30.2       0.909 0.710 0.047 0.042 
    A30.3       1.040 0.779 0.059 0.050 
22/07/2008 140 A31 60µl Instant 5 5 at 6 secs 1.482 2.099 0.149 0.111 
5/08/2008 154 A32 60µl Instant 5 5 at 7 secs 0.051 0.047 0.029 0.025 
    A32.2       0.082 0.085 0.007 0.003 
    A32.3       0.195 0.211 0.018 0.009 
    A32.4       0.306 0.296 0.027 0.016 
12/08/2008 161 A33 60µl 5 at 2 sec 5 at 14 secs 0.906 0.884 0.091 0.201 
    A33.2       0.906 0.857 0.092 0.097 
26/08/2008 175 A34 60µl 5 at 1 sec 5 at 14 secs 0.600 0.439 0.033 0.021 
    A34.2       0.637 0.445 0.031 0.021 
9/09/2008 189 A35 60µl 5 at 2 sec 5 at 7 secs 0.573 0.638 0.051 0.039 
    A35.2       0.614 0.649 0.050 0.036 
    A35.3       0.684 0.695 0.053 0.038 
23/09/2008 203 A36 60µl Instant 5 5 at 8 secs 0.660 0.747 0.054 0.035 
    A36.2       0.670 0.747 0.053 0.037 
    A36.3       0.727 0.777 0.056 0.039 
30/09/2008 210 A37 60µl 5 at 3 secs 5 at 16 secs 0.453 0.253 0.017 0.013 
    A37.2       0.491 0.266 0.017 0.014 
    A37.3       0.548 0.291 0.019 0.013 
7/10/2008 217 A38 60µl Instant 5 5 at 20 secs 0.449 0.440 0.048 0.035 
    A38.2       0.499 0.476 0.068 0.056 
14/10/2008 224 A39 80µl 5 at 4 secs 5 at 58 secs 0.231 0.134 0.101 0.102 
    A39.2       0.217 0.109 0.074 0.074 
    A39.3       0.212 0.087 0.053 0.051 
    A39.4       0.255 0.114 0.075 0.077 
    A39.5       0.208 0.062 0.027 0.029 
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Date Day Location MQW Hemastix® NaEDTA Amino Acids 280nm 410nm 540nm 575nm 
21/10/2008 231 A40 60µl 5 at 7 secs 5 at 13 secs 0.025 0.012 -0.003 -0.002 
    A40.2       0.057 0.026 0.001 0.002 
28/10/2008 238 A41 80µl Instant 5 5 at 18 secs 0.257 0.476 0.028 0.021 
    A41.2       0.298 0.527 0.034 0.026 
    A41.3       0.321 0.551 0.034 0.026 
4/11/2008 245 A42 60µl Instant 5 5 at 6 secs 1.026 2.045 0.149 0.101 
    A42.2       1.036 2.047 0.148 0.100 
    A42.3       1.096 2.145 0.155 0.103 
11/11/2008 252 A43 60µl Instant 5 5 at 7 secs 1.726 2.023 0.302 0.208 
    A43.2       1.735 2.498 0.305 0.214 
    A43.3       1.909 1.864 0.311 0.219 
    A43.4       0.969 1.615 0.178 0.129 
18/11/2008 259 A44 60µl Instant 5 5 at 7 secs 0.433 0.830 0.049 0.039 
    A44.2       0.458 0.862 0.051 0.036 
    A44.3       0.485 0.899 0.053 0.037 
28/11/2008 269 A45 60µl Instant 5 5 at 13 secs 0.648 1.404 0.089 0.061 
    A45.2       0.656 1.413 0.087 0.060 
    A45.3       0.677 1.406 0.086 0.058 
    A45.4       0.730 1.475 0.095 0.067 
2/12/2008 273 A46 60µl Instant 5 5 at 14 secs 0.282 0.632 0.036 0.024 
    A46.2       0.285 0.642 0.032 0.021 
9/12/2008 280 A47 60µl Instant 5 5 at 18 secs 0.344 0.659 0.040 0.030 
    A47.2       0.347 0.657 0.039 0.028 
16/12/2008 287 A48 60µl Instant 5 5 at 22 secs 0.301 0.488 0.039 0.029 
    A48.2       0.311 0.496 0.031 0.022 
    A48.3       0.344 0.550 0.036 0.029 
23/12/2008 294 A49 60µl Instant 5 5 at 8 secs 0.877 1.843 0.124 0.089 
    A49.2       0.895 1.853 0.126 0.089 
6/01/2009 308 A50 60µl Instant 5 5 at 8 secs 0.725 1.582 0.130 0.105 
    A50.2       0.742 1.641 0.105 0.072 
    A50.3       0.781 1.693 0.113 0.077 
    A50.4       0.827 1.733 0.118 0.080 
    A50.5       0.882 1.743 0.120 0.082 
13/01/2009 315 A51 60µl Instant 5 5 at 13 secs 0.488 1.033 0.061 0.043 
    A51.2       0.459 1.055 0.061 0.043 
20/01/2009 322 A52 60µl Instant 5 5 at 15 secs 0.253 0.359 0.024 0.015 
    A52.2       0.270 0.379 0.022 0.015 
    A52.3       0.293 0.388 0.022 0.014 
    A52.4       0.333 0.432 0.027 0.015 
27/01/2009 329 A53 60µl 5 at 3 secs 5 at 23 secs 0.206 0.282 0.004 0.001 
    A53.2       0.217 0.294 0.003 0.000 
    A53.3       0.239 0.326 0.008 0.003 
    A53.4       0.257 0.340 0.008 0.003 
    A53.5       0.279 0.361 0.011 0.004 
3/02/2009 336 A54 60µl Instant 5 5 at 7 secs 0.260 0.576 0.031 0.029 
    A54b       0.176 0.384 0.034 0.034 
10/02/2009 343 A55 60µl Instant 5 5 at 14 secs 0.372 1.555 0.101 0.071 
17/02/2009 350 A56 60µl Instant 5 5 at 18 secs 0.953 1.893 0.126 0.089 
    A56.2       0.987 1.920 0.133 0.092 
24/02/2009 357 A57 60µl Instant 5 5 at 13 secs 1.015 2.005 0.144 0.102 
    A57.2       1.092 2.109 0.153 0.108 
    A57.3       1.106 2.036 0.161 0.112 
    A57.4       1.233 2.144 0.170 0.118 
    A57.5       1.268 2.171 0.164 0.112 
3/03/2009 364 A58 60µl Instant 5 5 at 8 secs 1.065 2.313 0.201 0.160 
14/04/2009 406 A59 60µl Instant 5 5 at 23 secs 1.457 2.389 0.217 0.146 
    A59.2       1.445 2.042 0.217 0.147 
    A59.3       1.504 2.298 0.226 0.153 
    A59.4       1.627 2.047 0.240 0.164 
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Date Day Location MQW Hemastix® NaEDTA Amino Acids 280nm 410nm 540nm 575nm 
5/05/2009 427 A60 60µl Instant 5 5 at 8 secs 0.563 1.080 0.067 0.049 
    A60.2       0.572 1.094 0.065 0.044 
    A60.3       0.632 1.166 0.071 0.048 
2/06/2009 455 A61 60µl Instant 5 5 at 4 secs 0.831 1.725 0.101 0.067 
    A61.2       0.867 1.705 0.108 0.073 
    A61.3       0.946 1.719 0.113 0.078 
7/07/2009 490 A62 60µl Instant 5 5 at 9 secs 0.721 1.291 0.078 0.054 
    A62.2       0.730 1.308 0.067 0.041 
    A62.3       0.689 1.221 -0.026 -0.045 
4/08/2009 518 A63 60µl Instant 5 5 at 10 secs 0.504 0.865 0.050 0.033 
    A63.2       0.523 0.886 0.053 0.037 
1/09/2009 546 A64 60µl Instant 5 5 at 6 secs 0.918 1.630 0.107 0.074 
    A64.2       0.947 1.671 0.110 0.077 
6/10/2009 581 A65 60µl Instant 5 5 at 7 secs 0.387 0.523 0.028 0.017 
    A65.2       0.409 0.538 0.028 0.017 
3/11/2009 607 A66 60µl Instant 5 5 at 8 secs 0.503 1.066 0.058 0.043 
    A66.2       0.530 1.096 0.059 0.038 
10/12/2009 644 A67 60µl Instant 5 5 at 20 secs 0.004 0.004 0.001 0.000 
    A67.2       0.011 0.008 0.002 0.001 
    A67.3       0.033 0.019 0.004 0.001 
19/01/2010 682 A68 60µl Instant 5 5 at 21 secs 0.195 0.168 0.015 0.009 
    A68.2       0.287 0.265 0.018 0.011 
    A68.3       0.327 0.267 0.018 0.010 
9/02/2010 703 A69 60µl Instant 5 5 at 12 secs 0.383 0.372 0.025 0.013 
    A69.2       0.402 0.383 0.023 0.015 
    A69.3       0.431 0.386 0.022 0.015 
    A69.4       0.479 0.416 0.026 0.017 
9/03/2010 731 A70 60µl Instant 5 5 at 17 secs 0.514 0.458 0.030 0.018 
    A70.2       0.529 0.471 0.029 0.018 
    A70.3       0.578 0.493 0.031 0.019 
    A70.4       0.631 0.523 0.031 0.020 
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Appendix B - Combined Hemastix® Spectrophotometry of 
Whole Blood: Shaft B Raw Data 
 
Date Day MQW Location Hemastix® NaEDTA Amino Acids 
280nm 410nm 540nm 575nm 
4/03/2008 0 60µl Control Instant 5 5 at 10 secs 1.756 0.852 1.764 1.825 
    Control 2     2.078 NaN 1.276 1.297 
    Control 3     2.921 3.815 1.361 1.368 
    B1 Instant 5 5 at 25 secs NaN 3.971 0.423 0.387 
 0   B1.2     3.088 2.272 0.521 0.482 
5/03/2008 1 60µl B2 Instant 5  5 at 15 secs 2.067 2.585 0.449 0.414 
    B2.2     1.602 2.189 0.280 0.247 
    B2.3     2.174 2.276 0.433 0.394 
    B2.4     1.867 2.104 0.378 0.339 
    B2.5     2.260 2.365 0.321 0.280 
6/03/2008 2 80µl B3 Instant 5 5 at 20 secs 1.472 1.692 0.241 0.213 
    B3.2     1.520 1.767 0.268 0.239 
    B3.3     1.607 1.859 0.281 0.253 
    B3.4     1.815 2.047 0.364 0.325 
    B3.5     2.405 2.955 0.820 0.766 
7/03/2008 3 60µl B4 Instant 5 5 at 11 secs 1.445 2.095 0.243 0.207 
    B4.2     1.511 2.008 0.248 0.21 
    B4.3     1.529 2.043 0.264 0.226 
    B4.4     1.593 2.125 0.271 0.234 
    B4.5     1.584 2.063 0.260 0.221 
10/03/2008 6 60µl B5 Instant 5 5 at 15 secs 2.591 2.921 0.361 0.285 
    B5.2     2.491 2.062 0.366 0.289 
    B5.3     2.770 1.887 0.375 0.301 
    B5.4     2.499 2.067 0.400 0.321 
    B5.5     2.476 2.058 0.409 0.324 
12/03/2008 8 60µl B6 Instant 5  5 at 10 secs 1.660 2.095 0.306 0.254 
    B6.2     1.831 2.159 0.324 0.270 
    B6.3     1.812 1.931 0.193 0.141 
    B6.4     2.811 3.453 2.710 3.087 
    B6.5     NaN 2.762 2.581 2.563 
14/03/2008 10 60µl B7 Instant 5 5 at 10 secs 2.237 2.794 0.487 0.417 
    B7.2     2.000 2.153 0.516 0.448 
    B7.3     2.160 2.192 0.409 0.343 
    B7.4     2.278 2.197 0.411 0.336 
    B7.5     1.230 1.623 0.196 0.16 
17/03/2008 13 40µl B8 Instant 5 5 at 5 secs 2.132 1.121 0.943 0.749 
    B8.2     3.403 1.115 1.058 0.86 
    B8.3     NaN NaN     
    B8.4     1.586 1.002 1.164 0.932 
    B8.5     1.056 0.609 1.637 1.354 
20/03/2008 16 60µl B9 Instant 5 5 at 3 secs 1.108 1.477 0.019 -0.026 
    B9.2     1.061 1.111 0.025 -0.024 
    B9.3     1.034 1.895 0.025 -0.026 
    B9.4     1.313 1.118 0.036 -0.019 
    B9.5     1.298 1.299 0.050 -0.009 
25/03/2008 21 60µl B10 Instant 5 5 at 3 secs 3.382 2.358 0.712 0.927 
    B10.2     3.030 2.881 0.741 0.958 
    B10.3     2.836 4.922 0.734 0.947 
    B10.4     5.205 2.641 0.771 0.972 
    B10.5     3.274 3.618 0.849 1.042 
 
 
284 
  
Date Day MQW Location Hemastix® NaEDTA Amino Acids 
280nm 410nm 540nm 575nm 
28/03/2008 24 60µl B11 Instant 5 5 at 12 secs 2.268 2.308 0.410 0.336 
      B11.2     0.877 1.297 0.110 0.078 
      B11.3     0.564 0.902 0.085 0.065 
      B11.4     0.305 0.377 0.068 0.061 
      B11.5     0.014 0.014 0.022 0.026 
1/04/2008 28 60µl B12 Instant 5 5 at 3 secs 2.396 2.336 0.369 0.304 
      B12.2     NaN NaN     
      B12.3     2.300 3.228 0.369 0.292 
      B12.4     0.885 1.429 0.129 0.098 
      B12.5     0.643 0.774 0.232 0.210 
4/04/2008 31 60µl B13 Instant 5  5 at 10 secs 2.690 3.039 1.460 1.443 
      B13.2     3.109 NaN     
      B13.3     NaN 2.693     
      B13.4     2.314 2.817 2.581 2.419 
      B13.5     1.337 1.137 0.806 0.865 
8/04/2008 35 60µl B14 Instant 5 5 at 8 secs 3.104 2.614 0.820 0.724 
      B14.2     2.250 2.378 0.698 0.615 
      B14.3     2.361 3.223 0.743 0.667 
      B14.4     NaN 2.696     
      B14.5     1.662 1.867 0.482 0.425 
      B14.6     1.268 1.409 0.309 0.271 
11/04/2008 38 60µl B15 Instant 5 5 at 10 secs 2.808 2.525 1.072 0.982 
      B15.2     2.520 2.664 0.811 0.722 
      B15.3     1.216 1.474 0.328 0.290 
      B15.4     0.581 0.548 0.211 0.197 
      B15.5     0.356 0.380 0.170 0.169 
15/04/2008 42 60µl B16 Instant 5 5 at 8 secs 2.502 2.102 0.480 0.390 
      B16.2     2.631 2.145 0.558 0.453 
      B16.3     2.259 2.084 0.641 0.532 
      B16.4     2.181 3.812 0.661 0.544 
      B16.5     1.774 1.920 0.394 0.330 
22/04/2008 49 60µl B17 Instant 5 5 at 11 secs 2.036 2.118 0.697 0.638 
      B17.2     NaN 2.707     
      B17.3     1.534 2.105 0.405 0.373 
      B17.4     2.008 2.468 0.917 0.852 
      B17.5     1.906 1.476 0.683 0.648 
      B17.6     -0.253 0.231     
      B17.7     0.195 0.194 0.116 0.110 
29/04/2008 56 60µl B18 Instant 5 5 at 21 secs 2.870 2.465 0.771 0.658 
      B18.2     2.623 3.362 0.724 0.616 
      B18.3     1.675 2.017 0.357 0.296 
      B18.4     0.782 0.895 0.220 0.188 
      B18.5     0.060 0.090 0.067 0.061 
6/05/2008 63 60µl B19 Instant 5 5 at 5 secs 1.752 2.139 0.468 0.400 
      B19.2     1.611 3.139 0.442 0.358 
      B19.3     1.080 1.604 0.138 0.086 
      B19.4     0.951 0.481 0.144 0.107 
      B19.5     0.106 0.331 -0.300 -0.327 
13/05/2008 70 60µl B20 Instant 5 5 at 7 secs 2.551 2.085 0.463 0.357 
      B20.2     2.550 NaN     
      B20.3     2.837 2.238 0.468 0.361 
      B20.4     0.934 1.258 0.234 0.190 
      B20.5     0.876 0.951 0.546 0.520 
      B20.6     0.105 0.151 0.038 0.028 
20/05/2008 77 60µl B21 Instant 5 5 at 10 secs 1.799 2.093 0.566 0.534 
      B21.2     2.134 2.394 0.672 0.615 
      B21.3     1.197 1.535 0.388 0.364 
      B21.4     0.635 0.864 0.085 0.071 
      B21.5     0.144 0.165 0.080 0.090 
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Date Day MQW Location Hemastix® NaEDTA Amino Acids 
280nm 410nm 540nm 575nm 
27/05/2008 84 60µl B22 Instant 5 5 at 17 secs NaN 3.858     
      B22.2     2.383 2.830 0.900 0.809 
      B22.3     1.482 1.973 0.296 0.253 
      B22.4     1.360 1.899 0.188 0.140 
      B22.5     1.144 1.486 0.469 0.437 
      B22.6     0.627 0.884 0.117 0.097 
3/06/2008 91 60µl B23 Instant 5 5 at 14 secs 0.528 0.666 0.043 0.032 
      B23.2     0.547 0.675 0.043 0.031 
      B23.3     0.330 0.392 0.041 0.035 
      B23.4     0.297 0.351 0.042 0.037 
      B23.5     0.205 0.227 0.030 0.030 
10/06/2008 98 60µl Wood Cont Negative   0.116 0.058 0.034 0.030 
      WC.2     0.185 0.070 0.054 0.040 
10/06/2008 98 60µl B24 Instant 5 5 at 4 secs 0.329 0.709 0.102 0.086 
13/06/2008 101 80µl B25 5 at 13 secs mod at 1 min 0.523 0.027 0.005 0.003 
      B25.2     0.570 0.027 0.002 0.001 
      B25.3     0.635 0.029 0.002 0.001 
17/06/2008 105 60µl B26 Instant 5 5 at 2 ecs 1.430 2.024 0.162 0.107 
      B26.2     1.468 2.037 0.167 0.113 
      B26/3     1.578 2.282 0.177 0.120 
24/06/2008 112 60µl B27 Instant 5 5 at 7 secs 1.407 2.050 0.157 0.116 
      B27.2     1.398 1.932 0.154 0.111 
1/07/2008 119 60µl B28 Instant 5 5 at 4 secs 2.190 2.188 0.310 0.211 
      B28.2     1.286 1.638 0.174 0.120 
      B28.3     1.238 1.612 0.173 0.122 
      B28.4     0.497 0.636 0.077 0.052 
8/07/2008 126 60µl B29 Instant 5 5 at 7 secs 0.607 0.923 0.062 0.042 
15/07/2008 133 60µl B30 Instant 5 5 at 3 secs 0.976 1.457 0.103 0.070 
      B30.2     1.036 1.469 0.105 0.072 
      B30.3     1.103 1.553 0.110 0.076 
      B30.4     1.224 1.675 0.118 0.082 
      B30.5     0.703 0.987 0.079 0.059 
22/07/2008 140 60µl B31 Instant 5 5 at 6 secs 1.062 1.593 0.115 0.088 
5/08/2008 154 60µl B32 Instant 5 5 at 7 secs 0.207 0.307 0.029 0.022 
      B32.2     0.236 0.339 0.030 0.022 
12/08/2008 161 60µl B33 Instant 5 5 at 8 secs 1.526 2.202 0.222 0.156 
      B33.2     1.709 2.201 0.277 0.207 
26/08/2008 175 60µl B34 Instant 5 5 at 5 secs 1.107 1.998 0.149 0.102 
      B34.2     1.139 1.943 0.151 0.105 
      B34.3     1.240 1.989 0.162 0.113 
      B34.4     1.377 2.163 0.181 0.126 
9/09/2008 189 60µl B35 Instant 5 5 at 7 secs 0.860 1.477 0.111 0.080 
      B35.2     0.883 1.500 0.113 0.081 
      B35.3     0.926 1.552 0.109 0.077 
      B35.4     1.004 1.606 0.123 0.088 
23/09/2008 203 60µl B36 Instant 5 5 at 6 secs 1.365 2.175 0.192 0.133 
      B36.2     1.417 2.435 0.192 0.135 
30/09/2008 210 60µl B37 Instant 5 5 at 5 secs 0.982 1.732 0.124 0.089 
7/10/2008 217 60µl B38 5 at 2 secs 5 at 14 secs 0.630 0.902 0.068 0.047 
      B38.2     0.670 0.938 0.069 0.048 
      B38.3     0.733 0.999 0.073 0.052 
      B38.4     0.783 1.038 0.075 0.054 
14/10/2008 224 60µl B39 Instant 5 5 at 20 secs 0.851 1.462 0.102 0.072 
      B39.2     0.885 1.511 0.107 0.075 
21/10/2008 231 60µl B40 Instant 5 5 at 12 secs 0.362 1.016 0.098 0.077 
      B40.2     0.406 1.033 0.084 0.063 
      B40.3     0.510 1.168 0.113 0.087 
      B40.4     0.522 1.224 0.087 0.063 
      B40.5     0.622 1.298 0.127 0.099 
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Date Day MQW Location Hemastix® NaEDTA Amino Acids 
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28/10/2008 238 80µl B41 5 at 2 secs 5 at 23 secs 0.161 0.135 0.007 0.005 
      B41.2     0.176 0.140 0.008 0.005 
      B41.3     0.208 0.161 0.010 0.006 
      B41.4     0.222 0.162 0.010 0.005 
4/11/2008 245 60µl B42 Instant 5 5 at 4 secs 0.627 1.075 0.061 0.040 
      B42.2     0.644 1.092 0.062 0.038 
      B42.3     0.687 1.124 0.064 0.040 
11/11/2008 252 60µl B43 Instant 5 5 at 11 secs 0.612 1.348 0.081 0.056 
      B43.2     0.644 1.382 0.084 0.059 
      B43.3     0.678 1.428 0.086 0.060 
18/11/2008 259 60µl B44 Instant 5  5 at 10 secs 0.983 2.017 0.159 0.110 
      B44.2     1.051 2.243 0.172 0.119 
      B44.3     1.104 1.898 0.172 0.120 
28/11/2008 269 60µl B45 Instant 5 5 at 12 secs 0.239 0.425 0.025 0.017 
      B45.2     0.256 0.442 0.037 0.027 
      B45.3     0.273 0.470 0.038 0.029 
      B45.4     0.284 0.484 0.033 0.023 
      B45.5     0.297 0.510 0.033 0.023 
2/12/2008 273 60µl B46 Instant 5 5 at 7 secs 0.983 2.043 0.143 0.099 
      B46.2     1.023 1.954 0.143 0.101 
      B46.3     1.056 2.054 0.148 0.104 
9/12/2008 280 60µl B47 Instant 5 5 at 10 secs 0.676 1.445 0.090 0.068 
      B47.2     0.691 1.464 0.092 0.068 
16/12/2008 287 60µl B48 Instant 5 5 at 15 secs 0.635 1.341 0.082 0.058 
      B48.2     0.659 1.379 0.085 0.061 
23/12/2008 294 60µl B49 Instant 5 5 at 19 secs 0.236 0.485 0.024 0.021 
      B49.2     0.274 0.549 0.028 0.023 
      B49.3     0.281 0.556 0.029 0.021 
      B49.4     0.304 0.581 0.032 0.024 
6/01/2009 308 60µl B50 Instant 5 5 at 18 secs 0.410 0.783 0.046 0.031 
      B50.2     0.423 0.806 0.048 0.030 
      B50.3     0.455 0.837 0.048 0.032 
13/01/2009 315 60µl B51 Instant 5 5 at 18 secs 0.455 0.776 0.069 0.056 
      B51.2     0.443 0.772 0.047 0.035 
      B51.3     0.491 0.854 0.052 0.038 
20/01/2009 322 60µl B52 Instant 5 5 at 23 secs 0.493 0.928 0.060 0.038 
      B52.2     0.579 1.074 0.070 0.049 
      B52.3     0.570 1.044 0.064 0.043 
      B52.4     0.623 1.097 0.067 0.045 
27/01/2009 329 60µl B53 Instant 5 5 at 12 secs 0.923 1.870 0.124 0.087 
      B53.2     0.963 1.852 0.146 0.108 
      B53.3     0.973 1.906 0.128 0.089 
3/02/2009 336 60µl B54 Instant 5 5 at 15 secs 0.170 0.371 0.022 0.012 
      B54.2     0.177 0.376 0.018 0.005 
10/02/2009 343 60µl B55 Instant 5 5 at 9 secs 0.606 1.323 0.083 0.063 
      B55.2     0.605 1.340 0.084 0.061 
      B55.3     0.635 1.389 0.085 0.063 
      B55.4     0.660 1.408 0.087 0.064 
17/02/2009 350 60µl B56 Instant 5 5 at 23 secs 0.870 1.994 0.128 0.093 
      B56.2     0.891 2.106 0.141 0.098 
24/02/2009 357 60µl B57 Instant 5 5 at 11 secs 0.563 1.027 0.095 0.081 
      B57.2     0.532 0.995 0.058 0.043 
      B57.3     0.568 1.024 0.059 0.045 
3/03/2009 364 60µl B58 Instant 5 5 at 15 secs 0.899 1.857 0.128 0.088 
      B58.2     0.919 1.862 0.128 0.087 
      B58.3     0.935 1.881 0.132 0.090 
      B58.4     1.001 2.029 0.139 0.095 
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Date Day MQW Location Hemastix® NaEDTA Amino Acids 
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14/04/2009 406 60µl B59 Instant 5 5 at 9 secs 1.232 1.940 0.221 0.165 
      B59.2     1.304 1.971 0.177 0.119 
      B59.3     1.264 2.341 0.180 0.119 
      B59.4     1.400 2.467 0.195 0.131 
      B59.5     1.437 2.111 0.204 0.137 
5/05/2009 427 60µl B60 Instant 5 5 at 7 secs 0.597 1.210 0.073 0.053 
      B60.2     0.609 1.231 0.074 0.052 
2/06/2009 455 60µl B61 Instant 5 5 at 5 secs 0.411 0.679 0.041 0.027 
      B61.2     0.424 0.692 0.044 0.030 
7/07/2009 490 60µl B62 5 at 4 secs 5 at 12 secs 0.585 0.203 0.100 0.087 
      B62.2     0.482 0.156 0.071 0.062 
4/08/2009 518 60µl B63 Instant 5 5 at 6 secs 0.337 0.444 0.043 0.036 
1/09/2009 546 60µl B64 Instant 5 5 at 14 secs 0.224 0.188 0.012 0.009 
      B64.2     0.235 0.193 0.010 0.008 
6/10/2009 581 60µl B65 Instant 5 5 at 12 secs 0.434 0.616 0.039 0.027 
      B65.2     0.455 0.632 0.048 0.038 
      B65.3     0.554 0.717 0.104 0.095 
3/11/2009 607 60µl B66 Instant 5 5 at 10 secs 0.645 1.106 0.074 0.053 
      B66.2     0.661 1.132 0.066 0.048 
10/12/2009 644 60µl B67 Instant 5 5 at 17 secs 0.027 0.085 0.011 0.008 
      B67.2     0.032 0.085 0.007 0.002 
      B67.3     0.059 0.101 0.008 0.003 
19/01/2010 682 60µl B68 Instant 5 5 at 14 secs 0.543 0.651 0.045 0.029 
9/02/2010 703 60µl B69 Instant 5 5 at 17 secs 0.402 0.409 0.030 0.017 
      B69.2     0.422 0.410 0.030 0.022 
9/03/2010 731 60µl B70 Instant 5 5 at 15 secs 0.338 0.401 0.025 0.016 
      B70.2     0.351 0.408 0.027 0.017 
 
 
